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Fig. 1. Incisors of rats receiving fluorides in their rations. 
Ell. E20. E24 ........ ....... _ .................. _ .. _ .... .No Fluoride 
ES ... _ .............. _ .. _ .......... _ .. _ .. _ .......... _ ............. 0.01 percent CaF2 Synthetic Ration 
E2 ............... _ .............. _ ...... _ ...... _ .................... 0.02 percent CaF2 Synthetic Ration 
E3 ....................... _ .......... _ ...... _ ......................... 0.05 percent CaF2 Synthetic Ration 
E17. E21. E25 ........... _ .. _ .............. _ .. _ ...... _ .... 0.05 percent CaF2 Wheat Rations 
E18. E22. E26.. ......... _ .. _ .................. _ ............ 0.10 percent CaF2 Wheat Rations 
E19. F23 ........................................................... 0.15 percent CaF2 Wheat Rations 
E34 ........ ......................................... ...... _ .......... 0.20 percent CaF2 Wheat Rations 
E35 .................................... , .. _ .......................... 0.25 percent CaF, Wheat Rations 
FlO ........................................................... _ ....... 0.10 percent NaF 
SUMMARY 
1. The toxicity of sodium fluoride to albino rats was indicated 
macroscopically when this salt was fed at a level of 0.01 percent 
of the ration by an incipient flaking or mottling of the pigment of 
the incisor teeth. When sodium fluoride was fed at a level of 0.025 
percent of the ration there was a tendency for the growth of suc· 
cessive generations of rats receiving the ration to be inhibited to a 
slight degree, which inhibition of growth became more marked when 
this fluoride was fed at a level of 0.05 percent. When the fluoride 
was fed at this level the incisors of the rats became definitely elon· 
gated, opaque and chalky in appearance, and reproduction was less 
certain. When sodium fluoride was fed at levcls of 0.10 and 0.15 
percent of the ration growth and reproduction were quite uncertain, 
at times fair but usually poor. As a result, in part at least, of the 
fluorine anorexia and consequent decreased food consumption, the 
rats became stunted and emaciated and presented a very untidy ap· 
pearance. The incisors if not clipped cut their way through the 
jowls of the rat and presented complete circles of incisor tooth out· 
side the jaws of the rats. Sodium fluoride fed at levels of 0.20 and 
0.25 percent of the ration usually resulted in the death of the rats 
in a few weeks. 
Analysis of the tibiae, femora and humeri of rats fed sodium 
fluoride showed that in addition to the high fluoride content of such 
bones, fluorosis was manifested by an increase in the percentage of 
magnesium in the bone ash and a decrease in the percentage of the 
carbon dioxide in the bone. These changes in bone composition 
were in some instances detected when as little as 0.025 percent of 
sodium fluoride was fed in the ration but were much more marked 
when higher levels of sodium fluoride were fed. There was also in 
some of the experiments a tendency for the percentage of the ash in 
the bones to decrease when this fluoride was fed at levels higher 
than 0.05 percent of the ration. The feeding of sodium fluoride did 
not apparently result in any regular change in the percentage of 
calcium and phosphorus present in the' bone ash of mature rats, but 
such changes did occur under certain conditions and may be found 
if the bones of immature rats receiving fluorides are analysed. 
Two groups of rats fed sodium fluoride at levels of 0.15 percent 
of the ration for 200 days and 0.05 percent of the ration for 90 days 
respectively, then fed the normal ration for 3 months, presented a 
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partial and a complete recovery respectively from the changes in 
bone composition as judged by the percentages of magnesium and 
carbon dioxide found in the tibiae, femora and humeri. 
2. The toxicity of sodium fluoride was apparently accentuated 
by a low percentage of calcium and somewhat ameliorated by the 
presence of a high percentage of calcium in the ration. In this con-
nection the question of the calcium/phosphorus ratio of and the 
presence or absence of hone meal or calcium carbonate in and the 
consequent potential acidity or alkalinity of the ration must be con-
sidered. However, while the presence of 1 percent of calcium car-
bonate in the ration appeared to have had a beneficial effect on 
fluorosis, especially in regard to the bone constituents in Experiment 
II, the most important factor, in the absence of cod-liver oil in the 
ration, was probably a sufficiency of calcium in those rations which 
produced the more favorable average results. It is not possible in 
these experiments to differentiate between the proportionate influ-
ence exerted by th'e high calcium/phosphorus ratio and a potential 
alkalinity in evaluating the effects of the presence of calcium car-
bonate in the rations in Experiments II, V, VI and VII. 
3. The presence of cod-liver oil in the ration seemed to have 
had an ameliorating effect upon fluorosis in albino rats in two of 
three experiments where sodium fluoride was fed, in rations con-
taining low and moderate percentages of calcium and phosphorus, 
in one experiment where rock phosphate was fed and in one experi-
ment where calcium fluoride was fed in a high calcium-low phos-
phorus rachitogenic ration but exerted no such favorable effect in 
another experiment where calcium fluoride was fed in a synthetic, 
presumably well balanced ration. 
4. Calcium fluoride is much less toxic than sodium fluoride but 
produced the same type of fluoroses as sodium fluoride when fed 
at sufficiently high levels in the ration. The toxicity of calcium 
fluoride was apparently in part dependent upon constituents in the 
ration which mav have improved or decreased the solubility of this 
salt and the availability of its fluorine content to the rat. In these 
experiments the toxicity of the fluorine in calcium fluoride varied 
with the type of ration fed. being approximately half as toxic as 
the fluorine in sodium fluoride in some instances but only about 
one· eighth as toxic in other experiments. 
5. Fluorine as present in "rock phosphate" appeared to be almost 
but not quite as toxic as the fluorine in sodium fluoride when these 
were fed at the same levels of fluorine in the ration. The toxicity of 
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rock phosphate to rats was roughly proportional to the percentage 
of fluorine present, but other constituents of the phosphate or the 
ration may possibly influence this toxicity. 
6. The fluorine in phosphatic limestone as used in these experi. 
ments was somewhat less toxic than the fluorine as present in rock 
phosphate, when both were fed at the same levels of fluorine in the 
ration. This lesser toxicity may have resulted from the fact that 
the calcium in this phosphatic limestone was present to the extent 
of about 70 percent as calcium carbonate, and consequently the 
calcium/phosphorus ratio and the alkalinity of the ration were 
increased. 
7. The residual fluorine as present in acid (super) phosphate 
was also less toxic than fluorine fed at equal levels as present in 
rock phosphate. Its toxicity more nearly approximated that of the 
fluorine in calcium fluoride. 
8. The percentages of ash, calcium, phosphorus, magnesium and 
carbon dioxide in the incisors of rats were not apparently affected 
by the feeding of fluorides. 
9. No levels are suggested at which earthy phosphates may be 
safely fed to farm animals. 
Fluorine Toxicosis in the Albino Rat 1 
By J. A. SCHUr.z2 
The toxicity of fluorine compounds once considered of little gen-
eral importance is no longer so regarded. The increasing use of 
fluorides as insecticides, the discovery that fluorine may be a com-
ponent of many foodstuffs and the work of Dr. Margaret Cammack 
Smith and associates (77·88) in proving that potable waters con-
taining as little as 0.9 parts per million of fluorine may produce 
mottled teeth in growing children when regularly ingested over 
periods of several years, has excited much popular as well as scien-
tific interest in fluorine toxicoses. Ostrem, Nelson, Greenwood and 
Wilhelm (55) have shown that this mottling of teeth is endemic in 
certain sections in Iowa. 
The writer's interest in the toxicity of fluorides dates back to a 
period of work at the Ohio Agricultural Experiment Station. In 
1921, E. B. Forbes and associates (23) reported their work upon 
the supplemental value of various calcium compounds, including 
rock phosphate, in the feeding of swine by determining the effect 
of these compounds upon the balance of calcium and phosphorus_ 
It was found that swine fed rock phosphate presented lower bal-
ances of calcium and phosphorus than those fed the basal ration 
alone or with other calcium supplements. Furthermore the bones 
of the rock phosphate-fed swine, spongy and exostosed in appear-
ance when compared with the bones of the other swine in the experi-
ment, contained smaller percentages of carbon dioxide and calcium 
imd larger percentages of magnesium, while their breaking strength 
was less than that of the other bones. It was at the time suspected 
that the fluorine in the rock phosphate might be the offending factor, 
and some analyses of the bones for fluorine were made. Other proj-
ects intervened, however, and the work was never completed. 
When this study was begun, farmers in Iowa and other states of 
the corn belt were buying thousands of tons of simple and complex 
mineral mixtures as supplements to the typical "corn belt rations" 
for pigs and other farm animals. The basal ingredients of these 
mineral mixtures were usuall y bone meals and limestone, but as the 
prices of the bone meals mounted the manufacturers substituted 
large quantities of raw rock phosphate for the more expensive bone 
meal, and soon there were many reports of the deleterious effects 
produced by these mineral mixtures, some of which contained as 
much as 75 percent of rock phosphate. Information from reliable 
sources indicates that much rock phosphate is still being used in 
mineral mixtures. 
IProject No. 104 of the Iowa Agricultural Experiment Station. 
2The writer wishes to gratefully acknowledge the assistance and courtesies ex-
tended him by Professors B. H. Thomas and W. G. Gaessler. under whose administra-
tion these experiments were conducted. 
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Starting with the assumption that it was probably the fluorine in 
the rock phosphate which initiated the toxic symptoms when rock 
phosphate was fed to farm animals, experimental feeding of sodium 
fluoride was begun. In 1925 this laboratory (75), independently 
and practically simultaneously with E. V. McCollum and asso-
ciates (47), announced that the feeding of sodium fluoride to the 
extent of 0.05 percent or more of the ration of albino rats inter-
fered with normal growth and reproduction and resulted in the 
typical "fluoride effect" in the teeth, since then so often described 
in the literature on fluorine toxicoses (9, 13, 18, 22, 33, 40, 81, 85, 
91, 92). The incisor teeth of albino rats, growing continuously, 
first exhibit a slight characteristic mottling of the normal yellow 
pigment. If the fluorine feeding is continued, this yellow pigment 
fades out more or less completely, the incisors become opaque and 
brittle and bending from their natural course either become broken 
and shattered, or not occluding normally and not being mutually 
ground down by natural attrition, they continue to grow, often pierc-
ing the jowls of the rats. If not clipped or broken such incisors 
may sometimes be seen as completed circles on the outside of the 
jaws of the rat. See fig. l. 
The purpose of these experiments, briefly reported in the Annual 
Reports of Agricultural Research of the Iowa Agricultural Experi-
ment Station since 1926 (3·6, 74), was to determine, if possible, 
the lower limits of toxicity of the fluorides; to ascertain whether 
certain food factors would ameliorate or intensify this toxicity; to 
establi~h any possible relationship between the calcium and phos-
phorus in the ration and fluorosis; to prove the contention, then 
denied by some purveyors of rock phosphate, that the toxicity of 
rock phosphate was largely due to fluorides in the phosphate and 
also to determine which constituents of the bones of rats fed fluo-
rides were most largely affected. 
The extensive literature concerning the toxicity of fluorine has 
recently been very capably reviewed by F. J. McClure (43), Floyd 
de Eds (21) and S. Marcovitch (42), therefore, only those reo 
searches directly related to the problems herein considered and 
those of a more recent date are cited in this manuscript. 
Because of the extensive nature of this problem, and for reasons 
of economy of animals, time, help and feed, albino rats, rather than 
domestic animals, were used in this study. 
EXPERIMENTAL 
In practically all experiments here cited six albino rats, three 
males and three females, weighing from 55 to 65 grams were used 
in each cage included in an experiment. These six rats, considered 
the first generation, were selected from various litters, avoiding 
when possible the use of more than one rat from anyone litter in 
the same experimental cage. The rats were bedded on hard wood 
173 
shavings except when purified or special rations were fed; then they 
were placed upon hardware screen cloth bottoms. It was found 
impossible to prevent the rats from scattering some feed from the 
feeding cups, so while no individual feeding was attempted and no 
accurate record of the feed eaten was kept, a general record was 
maintained by which it was possible to determine which groups of 
rats found their feed unpalatable. All rats were weighed individu· 
ally each week. The males and the females were allowed to breed 
at will, and when the females became pregnant they were removed 
to individual cages for parturition. The young were allowed to 
suckle until weaned, and after a short rest period the females were 
returned to their original cages for further matings. The young 
were continued without culling as the second generation on any 
particular ration, except that in order to produce further genera· 
tions it was necessary in some instances to equalize the proportions 
of males to females. Succeeding generations of rats where desired 
were thus obtained as far as possible without any attempts at specific 
matings, thus avoiding any selections which might influence the re-
sults obtained. Unfortunately the room available for these experi' 
ments lacked facilities for adequate ventilation and cooling, and 
during the heated portion of the summer, with temperatures above 
100° F. for days at a time, the females in all cages would frequently 
cease breeding and refuse to care for their young. A high incidence 
of cannibalism prevailed at times, even among the rats in the stock 
colony, so that results on reproduction are in some of the experi-
ments not as satisfactory as desired but must depend upon replica-
tions for any conclusions drawn. Actual feeding of rats ceased in 
1931, but detailed publication of results has been withheld pending 
the completion of the chemical analyses of the bones of the rats 
used in these experiments. 
EXPERIMENT I. THE TOXICITY OF SODIUM FLUORIDE 
TO ALBINO RATS 
In this experiment, partially reported in some of its aspects in 
1925 (75), albino rats were fed sodium fluoride at levels of 0.001 
percent to 0.25 percent of a ration composed of 76 parts ground 
yellow corn, digester tankage (60 percent protein) 10 parts, linseed 
oil meal 10 parts, sodium chloride 5 parts and steamed bone meal 
2.5 parts. This ration without bone meal and containing no added 
fluorides was designated as the basal "B" ration and was used in 
many of the succeeding experiments on the toxicity of fluorine. 
The essential average results obtained in this experiment are 
presented in tables 1, 2 and 3. The column headings of these tables, 
also used in many of the other tables in this publication, are for the 
most part self explanatory, but the headings of the last three col-
umns in tables 1 and 2 may require some explanation. On the rec-
ords containing the weekly weights of the rats, the age of the rats 
TABLE 1. THE ESSENTIAL DATA ON RATS FED RATIONS CONTAINING VARYING PERCENTAGES OF SODIUM FLUORIDE--
FIRST GENERATION. 
Ca~e 
no. 
B20 
B21 
B22 
B23 
B24 
B25 
B26 
B10 
B49 
B50 
B27 
B11 
B28 
B47 
B48 
B17 
B12 
B29 
B30 
Percent 
NaF 
fed 
0 
0.001 
0.0025 
0.005 
0.010 
0.025 
I A A _ _ I 
0.050 
0.050 
0.050 
I 0.100 \ 
0.100 
0.100 
0.150 
0.150 
0.150 
0.150 
0.200 
0.200 
0.250 
No. 
rats 
used 
6 
6 
6 
6 
6 
6 
-6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 I 
No. 
young 
born 
32 
48 
59 
68 
63 
58 
.-42 
29 
15 
27 
8 
29 
0 
0 
33 
29 
0 
0 
0 
No. 
young 
reared 
30 
43 
43 
56 
58 
55 
--33 
18 
10 
27 
0 
18 
0 
0 
15 
19 
0 
0 
0 
\ 
I 
- - --
Percent 
young 
reared 
94 
90 
93 
82 
92 
95 
--79 
62 
67 
100 
62 
.... 
45 
66 
. --. 
. ---
.... 
Age at 
birth 
first 
young 
days 
104 
104 
100 
100 
98 
121 
-.-131 
115 
110 
160 
158 
100 
...... 
209 
125 
. -.... 
0."---
.. ----
Average 
days to 
reach 
100 
gms. 
51 
49 
49 
49 
49 
51 
--52 
56 
60 
60 
57 
58 
97 
70 
76 
58 
.. -. 
.---
___ A 
Average 
days to 
reach 
150 
gms. 
85 
79 
76 
81 
77 
83 
-. 84 
94 
96 
104 
119 
106 
225 
233 
100 
...... 
...... 
...... 
I 
I 
Average 
weight 
at 100 
days 
175 
180 
190 
187 
180 
175 
---175 
158 
158 
142 
142 
146 
100 
123 
107 
150 
70 
.... 
.... 
I 
I 
I 
Average 
weight 
at 150 
days 
251 
240 
241 
219 
214 
230 
-.. 196 
176 
200 
185 
170 
170 
109 
121 
134 
166 
. ..... 
. ..... 
. ..... 
At the close of the experiment 
Average I Average I Weight I Appearance I 
weight age -----aoe of rats 
260 
250 
272 
234 
254 
243 
. .. 229 
203 
185 
180 
182 
178 
115 
145 
149 
163 
76 
80 
80 
234 
238 
238 
238 
238 
238 
. .. 238 
210 
238 
238 
238 
210 
181 
239 
233 
207 
132 
59 
49 
1.11 
1.05 
1.14 
0.98 
1.07 
1.02 
. .. 0.96 
0.97 
0.78 
0.76 
0.76 
0.85 
0.64 
0.61 
0.64 
0.79 
0.58 
0.74 
0.61 
Good 
Good 
Good 
OK 
OK 
OK 
~ . Fair 
Fair 
Fair 
jFair to poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Died 
Died 
Died 
B ration=Yellow corn 76 parts. 60 percent digester tankage 10. linseed oil meal ]0. NaCl 5. steamed bone meal 2.5. 
' Incisor effect=The gradual fading or loss of color of the incisors followed by hypertrophy. 
Incisor 
efiect* 
-
-
-
:::;: 
+ 
++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
Best 
ratio 
weight 
age 
2.00 
2.07 
2.13 
2.08 
2.04 
2.01 
.. -2.01 
1.90 
1.81 
1.74 
1.76 
1.74 
1.29 
1.44 
1.55 
1.81 
.-.... 
.-.... 
..0 __ -
I 
Total 
averages 
all wts. 
all ages 
1.53 
1.57 
1.60 
1.50 
1.48 
1.47 
- '" 1.40 
1.28 
1.23 
1.23 
1.15 
1.20 
0.75 
0.98 
0.91 
0.67 
. ..... 
. .... -
...... 
..... 
"" .... 
TABLE 2. ESSENTIAL DATA ON RATS FED A RATION CONTAINING VARYING PERCENTAGES OF SODIUM FLUORIDE, 
A VERAGE3 OF THE SECOND AND SUCCEEDING GENERATIONS. 
------ ----
Average Average Average Average Average At close of experiment 
No. Percent No. No. No. Percent age at days to days to weight weight NaF rats young young young birth of reach reach gen.- fed used born reared reared first 100 150 at 100 at 150 Average I Average I Weight I Incisor days days age weight age effecti' young gms. gms. 
B20, _, 0 62 63 57 90 113 71 107 138 ... - .. 118 162 I 1.39 1-
B2b-, 0.001 80 60 60 100 115 62 102 146 -_ ... 112 160 1.43 -
B22,_. 0.0025 79 119 113 95 112 68 108 150 ...... 108 158 1.46 'I -B23,_. 0.005 109 179 154 86 104 63 93 161 ... --. 104 156 1.50 =+ 
B242-. 0.010 82 99 72 73 124 70 109 139 .. ... . 114 157 1.38 + 
B252-. 0.025 135 141 120 85 113 74 121 132 ...... 116 145 1.25 ++ 
B262-' 0.050 81 68 51 75 141 74 125 133 .-_0_- 108 138 1.28 +++ 
B10, -, 0.050 63 113 77 68 143 86 159 118 ...... 113 124 1.10 +++ 
B49, 0.050 10 0 0 .. .... ...... 77 171 108 . .. - .. 116 116 1.00 +++ 
B50, 0.100 24 0 0 ...... ...... 110 167 90 . ..... 119 102 0.86 ++++ 
B27, 0.100 None produced 
B1b-. 0.100 17 I 53 I 22 42 172 165 ...... 70 .. ---- 115 79 0.69 ++++ 
B28, 0.150 None produced 
B47, 0.150 None produced 
B48, 0.150 15 1 0 I 0 .... .. . . .... 164 . .. .. . 67 ...... 133 81 0.61 ++++ B17, 0.150 9 0 0 -_ ... ...... 188 .-... 62 . .... - 119 63 0.53 ++++ 
B ration=YelJow corn 76 parts, 60 percent digester tankage 10, linseed oilmeal 10, NaCI 5, steamed bone meal 2.5. 
*Gen = Generation. BI02-1=BIO generations 2 to '7 inclusive. 
tIncisor efl'ect=The gradual fading or loss of color of the incisors, followed by hypertrophy. 
Best Total 
ratio average 
weight all wts. 
---
age ali ages 
1.51 1.38 
1.70 1.50 
1.55 1.45 
1.59 1.47 
1.46 1.39 
1.43 1.31 
1.43 1.15 
1.23 1.17 
1.40 1.08 
1.07 0.93 
0.74 0.69 
I 0.84 0.69 0.87 0.71 
,... 
'"'" Ol 
TABLE 3. THE AVERAGED PERCENTAGE OF THE MINERAL CONSTITUENTS OF THE TIBIAE, FEMORA AND HUMERI OF RAT~ 
FED VARYING AMOUNTS OF NaF. 
---
Ratio Ra!io 
No. Percent Average Average Averag. Averag. Averag. Averag. Averag. . Av. perc.n! Av. perc.n! Average 
and Percent F f.d as perc.n! perc.n! perc.n! percent percent perc.n! percent Ca Ca perc.n! 
oen.* NaF f.d NaF ash in T, Ca in T, Ca in Mg in T, Mg in Pin T, Pin Av. perc.n! Av. perc.n! CO, in T, F and Ht F and Ht ash F and Ht ash F and Ht ash Mg in ash P in ash F and Ht 
1:- 1:-
B20, 0 65.37 23.95 36.64 0.443 0.678 11.58 17.71 54.04 2.07 I 2.88· 
II 2.71 
IV 2.67 
B39, 0 64.26 24.01 37.36 0.498 0.775 11.32 17.62 48.21 2.12 2.92 
B2h 0.0010 0.0005 63.61 24.01 37.75 0.532 0.836 11.47 18.03 45.16 2.09 II 2.66 
III 2.79 
B22, 0.0025 0.0011 66.80 24.69 36.96 0.587 0.879 11.79 17.65 42.05 2.09 2.72 
B23, 0.0050 0.0023 65.40 24.08 36.82 0.584 0.893 11.85 18.12 41.23 2.03 II 2.56 
III 2.58 
IV 2.53 
B24, 0.010 0.0045 64.57 22.80 35.31 0.578 0.895 11.71 18.14 39.45 1.95 II 2.60 
IV 2.30 
B25, 0.025 0.0113 65.52 24.64 37.61 0.591 0.902 12.00 18.32 41.70 2.05 II 2.59 
III 2.29 
IV 2.15 
BI0, 0.050 0.0226 62.54 23.19 37.08 0.688 1.100 11.12 17.78 3&.71 2.09 I II 2.17 III 2.09 
IV 2.32 
VII 2.18 
B26, 0.050 I 0.0226 63.77 24.17 37.90 0.635 0.996 11.75 18.43 38.05 2.06 I 2.43 
B26, -s 0.050 I 0.0226 63.25 23.48 37.12 0.683 1.080 11.75 18.5R 34.37 2.00 I ~
B49, 0.050 I 0.0226 64.40 24.65 38.28 0.637 0.989 11.87 18.43 3~.71 2.08 I 2.37 
B49, 0.050 I 0.0226 64.53 24.47 37.92 0.772 1.196 11.37 17.62 31.71 2.15 I 2.43 
BIt, 0.100 I 0.0452 60.41 22.28 36.88 0.728 1.205 10.77 17.83 30.61 2.07 I 2.01 
B272 0.100 I 0.0452 64.17 24.23 37.76 0.631 0.983 11.77 18.34 38.41 2.06 I 2.30 
B50, 0.100 I 0.0452 65.04 23.79 36.58 0.679 1.044 11.82 18.17 35.04 2.01 I 2.37 
B50, 0.100 I 0.0452 62.38 22.63 36.28 0.814 1.305 11.47 18.39 27.80 1.97 I 1.85 
B17, 0.150 I 0.0679 52 .12 19.20 36.84 0.722 1.385 9.46 18.15 26.60 2.03 I 1.50 
B48, 0.150 I 0.0679 58.00 21.45 36.98 0.728 1.255 10.79 18.60 29.47 1.99 I 1.72 
B47-481 0.15- 0tl 0.0679 66.85 24.66 36.89 0.597 0.893 11.65 17.43 41.31 2.12 I 2.67 I toO 
*Gen. == Generation. B26,-s=No. B26 second and third generation. 
In col umn 13, I, II, IV, etc., also refer to first, second and fourth generations. 
tT, F and H=Tibiae, femora and humeri. 
Ration fed: Yellow corn 76 parts, 60 percent digester tankage 10, linseed oilmeal 10, steamed bone meal 2.5, NaC! 5. 
:tAt close of experiment, eight survivors of B471 and B48" age 236 days, were placed on ration without NaF and continued for 3 months. 
.... 
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at the time the weight was taken was also entered. The final column 
in tables 1 and 2, headed Total average all wts./all ages, was 
compiled by adding all the weights taken of each rat fed any par-
ticular ration during the time it was fed this experimental ration 
and dividing this sum by the number of weights recorded. The same 
was done for the age records of the rat corresponding to the weights 
taken and this sum divided by the number of age records taken. 
This "average weight" then divided by the "average age" is ap-
proximately the average daily gain of the rat during the experiment 
and includes any losses in weight resulting from heat, excess fluorine 
in the ration, et cetera. The figures presented in this last column 
are averages computed from these weight-age records as made dur-
ing the life of the experiment by all rats fed each experimental 
ration. These figures show the growth records made by the rats 
during the entire experiment, while other columns presenting weight-
age data show the progress made by the rats at various stages of 
the growth period. The figures listed in the column headed Best 
ratio wt./age are the values obtained by taking averages of the 
figures expressing the best weight-age ratios established during the 
life of the experiment by all the rats fed anyone ration. 
In the column headed Incisor effect, + indicates a fading or 
mottling of the pigment of the incisor visible to the naked eye, 
+ + indicates more definite loss of pigment but no hypertrophy, 
+ + + indicates definite hypertrophy of the incisors, + + + + in-
dicates severe hypertrophy and/ or shattering of the incisors. 
EFFECT OF SODIUM FLUORIDE UPON GROWTH 
An examination of the data in table 1 shows that the first genera-
tion of rats receiving less than 0.05 percent of sodium fluoride in 
their rations made approximately the same growth. The rate of 
growth of most of the rats receiving sodium fluoride at a level of 
0.05 percent gradually declined after they had reached a weight of 
about 100 grams in 50 to 60 days. These rats remained in fair condi-
tion but were usually stunted at the close of the experiment. The first 
generation of rats receiving 0.10 percent of sodium fluoride usually 
reached a weight of 100 grams in from 50 to 60 days, but there-
after growth was retarded seriously. When sodium fluoride was 
fed to the extent of 0.15 percent of the ration the growth of the 
rats was retarded at once, and when 0.20 and 0.25 percent of sodium 
fluoride was fed the rats usually lived but a short time. The growth 
records made by succeeding generations of rats, where produced, 
as shown in table 2, are much the same as those established by the 
first generation, with the possible exception that succeeding genera-
tions of rats receiving 0.025 percent of sodium fluoride in the ration 
may have become stunted to a certain degree. The table shows that 
these rats took a little longer to reach weights of 100 and 150 grams, 
had a somewhat decreased weight-age ratio at the close of the ex-
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periment and that their total average daily gain was slightly less. 
The severe stunting of growth when 0.10 percent or more of sodium 
fluoride was included in the rations of the rats undoubtedly resulted, 
at least in part, from a decreased consumption of feed by these ani-
mals, but no evidence of anorexia or inanition was observed among 
the rats receiving lower levels of this fluoride. The rats receiving 
the higher levels of fluoride drank a great deal more water than 
the other rats in the experiment, and their excretion of urine was 
greater. Kick, Bethke and associates (37) have commented upon 
the increased water consumption of pigs receiving high levels of 
fluorine in their feed. These authors also noted a decreased con-
sumption of feed when the higher levels of fluorides were fed to 
rats and pigs. Phillips, Hart and Bohstedt (64) found that fluorides 
when fed to dairy cows at a level of 3 mgs. or more per kilogram 
of body weight restrict feed consumption and retard growth, while 
Lamb, Phillips, Hart and Bohsted (40) conclude that 20 mgs. of 
fluorine as sodium fluoride per kilo of body weight per day is the 
upper limit at which this fluoride may be safely ingested by the rat 
without interfering with growth. McClure and Mitchell (44) fed 
sodium fluoride to rats at levels of 0.03113 and 0.0623 percent 
fluorine in the ration by the paired feeding method and found that 
while the higher level of fluoride lowered the food consumption of 
the rats, growth was inhibited entirely aside from any effect on food 
consumption. Hauck, Steenbock and Parsons (33) and Smith and 
Leverton (79, 85) also found that the decreased growth rate of rats 
receiving percentages of 0.05 percent or more of sodium fluoride 
in the ration did not result entirely from the decreased consumption 
of feed but also resulted from a decreased efficiency in the utiliza-
tion of the feed, directly chargeable to fluoride toxicity. 
EFFECT OF SODIUM FLUORIDE UPON REPRODUCTION 
The figures in tables 1 and 2 show that definitely unfavorable 
effects upon reproduction apparently do not begin until sodium 
fluoride is fed at a level of 0.05 percent of the ration.3 Female 
rats fed this level of sodIum fluoride in the ration (0.0023 percent 
fluorine) may mate and reproduce normally, but usually the fe-
males give birth to their first litter of young at a more advanced 
age, and a smaller percentage of the young born are suckled and 
reared than when smaller percentages of the fluoride are fed. These 
tables also show that rats can and do reproduce at times when 0.10 
or even as much as 0.15 percent of sodium fluoride is present in the 
ration, but ordinarily reproduction is much retarded, the females 
frequently fail to suckle their young, the surviving young grow 
SIn an earlier paper (75) the opinion was e,,:pressed that reproduction might be 
unfavorably influenced by as little as 0.025 percent of sodium fluoride in the ration. 
This opinion was based upon the birth and weaning weights of the young rats. and 
since such weights were not consistently continued. and are therefore not presented 
in these tables. this probably premature conclusion is not stressed here. 
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slow) y and usually fail to produce a third generation. Phillips, 
Lamb, Hart and Bohstedt (66) found that fluorine toxicity has no 
direct and specifically unfavorable effect upon the reproductive 
mechanism of rats and that a moderate level of fluorine intake (be-
low 25 mgm. fluorine per kilo body weight per day) does not im-
pair fertility, gestation or parturition. However, when as little as 
0.045 percent of sodium fluoride is fed, the level of fluorine ingested 
during lactation may rise to above 30 mgm. per kilo of body weight 
per day, and the resultant failure of lactation and normal oestrus is 
therefore a direct result of fluorine anorexia and inanition. These 
authors observed no cumulative effect upon reproducti~n or other 
physiological processes from generation to generation through five 
generations nor was the gonad stimulating effect of the anterior lobe 
of the hypophysis impaired. Tolle and Maynard (92) found that 
the presence of 0.055 percent of sodium fluoride in the ration of 
rats resulted in a marked impairment of reproduction. Bethke, 
Kick, and associates (11, 37) found that high levels of fluorine in 
the ration exerted no direct effects upon the reproduction of rats 
and swine .but that the resultant decrease in food consumption af-
fected lactation adversely. Smith and Leverton (85) observed the 
reproduction and rearing of four generations of rats receiving levels 
of 0.025 and 0.05 percent of sodium fluoride in the ration. These 
investigators noted no impairment of the reproductive organs and 
no decrease in the frequency of mating nor of the number of young 
born when the lower level of sodium fluoride was fed. However, 
when 0.05 percent of sodium fluoride was fed, the mothers were 
stunted somewhat, the percentage of young born and successfully 
suckled was less, and the young were smaller in size at weaning 
time than those young born to mothers receiving no additional 
fluorine in their ration. 
EFFECT OF SODIUM FLUORIDE UPON THE TEETH 
The earliest visible and by far the most dramatic demonstration 
of the toxicity of fluorine is its rapid effect upon the teeth of animals 
when ingested in moderate dosages. Smith and associates (77, 82-
87), whose classical work upon the effects of minute amounts of 
fluorine upon the teeth of growing children has been cited pre-
viously, have experimentally mottled the teeth of dogs and guinea 
pigs (80) and also have made exhaustive histological studies upon 
the incisors of rats fed varying percentages of fluorides (72). These 
investigators (72-82) found that by injecting 0.10 to 0.90 ml. of 
2.5 percent sodium fluoride into adult rats at intervals of either 24 
or 48 hours they obtained upon the incisors of the rats alternate 
bands of abnormal, dull, white enamel and dentine, denoting dis-
turbed calcification, and normal translucent enamel and dentine de-
noting recovery or normal incisor growth. The width of these 
bands, 16 microns for injections 24 hours apart, was constant, and 
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they suggest this as a procedure for measuring the incisor growth 
of rats. These investigators found that by means of suitable mag-
nification they could detect a definite mottling of the pigment of 
the incisors of rats when as little as 0.0014 percent of fluorine was 
present in the diet. Kick, Bethke and associates (37) by means of 
microscopical examinations were able to detect reduced amounts of 
pigment on the incisors of rats whose rations contained from 0.0046 
to 0.0088 percent of sodium fluoride. In the work at Iowa State 
College as is shown in tables 1 and 2, it was possible to detect in-
cipient flaking or mottling of the enamel pigment of the incisors of 
rats at times when 0.0050 percent of sodium fluoride (0.0023 percent 
fluorine) was present in the ration, but no regular positive disturb-
ance was detected without the use of a hand lens until the rats re-
ceived 0.01 percent of sodium fluoride (0.0045 percent fluorine) in 
the ration. Ellis and Maynard (22) found that when growing rats 
were fed a ration containing only 3 parts per million of fluorine, 
they could determine the increment of fluorine in the bones of such 
rats resulting from the addition to the diet of as little as 8 to 12 
parts per million of fluorine as bone meal or sodium fluo,ride. These 
investigators believe that the fluorine analysis of the bone of ani-
mals receiving small amounts of fluorine in their diet is a more 
sensitive measure of the degree of fluorosis than the observation of 
changes in the enamel pigment of the incisors. 
EFFECT OF SODIUM FLUORIDE UPON THE COMPOSITION 
OF THE BONES OF RATS 
All investigators who have made fluorine analyses of the bones 
of animals fed fluorides, agree that the feeding of fluorides results 
in a deposition of fluorine in the bones of the animals roughly pro-
portional to the amount of fluorine fed. However, the effect of the 
feeding of fluorides upon the percentages of ash, calcium and phos-
phorus of the bones of animals receiving fluorides has been the 
subject of some controversy among various investigators. McClure 
and Mitchell (44) investigating the calcium metabolism of rats by 
means of the paired feeding method fed sodium and calcium fluoride 
at levels of 0.03113 and 0.0623 percent of fluorine in the ration. 
They found that the calcium balance was not affected by the fluorides 
when ingested at the lower level but that the feeding of sodium 
fluoride at the higher level probably lowered the percentage of cal: 
cium retained. They found also that the bones of the rats receiving 
the sodium fluoride in their rations presented a consistently higher 
percentage of ash, a statistically significant reduction in the per-
centage of calcium, a depression of the calcium/phosphorus ratio 
but no significant change in the percentage of phosphorus. Chaneles 
(18) had published earlier that the feeding of sodium fluoride in-
creased the percentages of ash, phosphorus and magnesium in the 
bones of rats, while investigators at the Arkansas Agricultural Ex-
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periment Station (1) and Tolle and Maynard (91) reported that 
the feeding of fluorides in the form of rock phosphate resulted in a 
decrease in the ash content of the bones of young rats about 5 weeks 
old. The latter investigators (92) found no such decrease in the 
ash content of the bones of pigs nor of mature rats when phosphatic 
limestone was fed. Halpin and Lamb (27) found normal percent-
ages of ash in the tibiae of chickens receiving .035 to 0.105 percent 
of fluorine in the ration in the form of rock phosphate, and Kick, 
Bethke and Record (38) obtained approximately the same results. 
Hauck, Steenbock and Parsons (34) found that when sodium fluo-
ride was fed to rats at a level of 0.0679 percent of the rations, the 
percentages of ash in the tibiae and femora of the rats was decreased 
in lots of rats fed low or moderate calcium rations but was increased 
where rats were fed a high calcium rachitogenic ration, with or 
without the addition of vitamin D. Smith and Lantz (79) found 
that the addition of 0.05 percent of sodium fluoride to the diet of 
rats had no effect upon the ash, calcium or phosphorus content of 
the teeth or bones of the rats but that the addition of 0.10 percent 
of sodium fluoride to the ration lowered the ash content and in-
creased the percentage of calcium and the calcium phosphorus 
ratio of the ash of the tibiae and incisors. The phosphorus values 
gf tibiae and incisors were slightly decreased on a dry fat free basis 
but not on the basis of their ash. These authors feel that determina-
tions based on the dry fat free basis are more accurate than those 
based on the ash of bones or teeth. Lantz and Smith (41) also 
found that rats fed sodium fluoride at a level of 0.10 percent of 
the ration, and to a much lesser degree when fed sodium fluoride 
to the extent of 0.05 percent of the ration, stored less calcium 
and phosphorus than control rats receiving no additional fluoride 
in the ration. As the animals grew older the difference in calcium 
and phosphorus storages between control and fluoride-fed rats be-
came less and less. After both groups of rats had attained the age 
of 60 to 70 days, the period of active growth was past for the con-
trol rats, and their storage of calcium and phosphorus decreased 
while the fluorine stunted rats, growing more slowly, continued to 
store these elements, with the result that their calcium and phos-
phorus retentions calculated to body weight, equalled or exceeded 
those of the control rats as both groups of animals grew older. 
This slower growth of rats receiving fluorine in their diets may, 
at least in part, be the reason why different investigators have ob-
tained conflicting results when analyzing the bones of rats fed fluo-
rides. Some of the animals used by some of these investigators 
were still quite immature (1, 34, 41, 91) when killed, while other 
investigators utilized only the bones of mature animals. As is 
stated by Kick, Bethke, et al (37), fluoride-fed animals grow more 
slowly than those fed normal rations, and if the bone ash is de-
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termined during the growth period of such fluoride-fed animals 
apparently anomalous results may be obtained_ These investigators 
(12) found that the bones of young pigs fed fluoride contained a 
subnormal percentage of ash while in later experiments (36-37) 
with mature sows and rats they found that while the feeding of 
fluorides resulted in increased percentages of magnesium and de-
creased percentages of carbon dioxide in the bones of the animals 
thus fed, the percentages of ash, calcium and phosphorus were 
changed but little if at all by the feeding of fluorides_ 
For the sake of convenience and comparison, the results obtained 
by the principal investigators of the effects of fluorosis upon bone 
constituents are presented in tabular form in table 4, while the re-
sults of the Iowa State College experiment are presented in table 3_ 
The analyses presented in table 3 are those of the bones of mature 
rats_ After the rats were anesthetized, the legs were removed and 
frozen. The tibiae, femora and humeri were removed from the 
frozen tissue and dried either in a vacuum oven at 70° C. or in an 
air oven at 100° C.; they were then crushed and broken to small 
size, extracted until fat free with alcohol and ether, ground in a 
glass mortar to pass an 80 mesh sieve and stored in vials and bottles 
until analysed. The carbon dioxide was determined by the method 
of Van Slyke (94), with special precautions being taken to pre-
vent any contamination by the CO2 from the air, i. e. the suction 
flask was evacuated after washing with boiling distilled water. Air 
was then admitted through a soda lime tubule; the flask was opened 
while still hot, the standard barium hydroxide was quickly added, 
the test tube containing the bone sample inserted and the flask 
closed with the stopper containing the small separatory funneL 
The flask was again evacuated, and if at this point the barium 
hydroxide solution was not entirely clear and free from precipi-
tate the determination was not continued. If the barium hydroxide 
solutiop was clear, a few drops of propyl alcohol. to prevent foam-
ing, and the standard hydrochloric acid were placed in the sepa-
ratory funneL The alcohol and the acid were then added slowly, 
drop by drop, until all action on the bone ceased, when most of the 
remainder of the acid was added. The flask was allowed to stand 
for 3 to 4 hours, being shaken at intervals to hasten the absorption 
of the carbon dioxide; air was then slowly admitted to the flask 
through a soda lime tube, the stopper carefully removed and the 
outside of the test tube washed down with carbon dioxide-free water. 
The solution was quickly filtered through a specially prepared gooch 
crucible into another suction flask containing a measured amount 
of tenth normal hydrochloric acid; the crucible was washed with 
carbon dioxide-free water and the excess acid titrated with tenth 
normal barium hydroxide_ Conducted in this manner very accurate 
determinations of the carbon dioxide in standard carbonates were 
TABLE 4. THE EFFECT OF FLUOROSIS UPON THE PRINCIPAL CONSTITUENTS OF THE BONES AND INCISORS OF RATS AS 
REPORTED BY VARIOUS INVESTIGATORS. 
Au!hors and date 
Bethke, Kick et al 
(12) 1929 
Chaneles (18 ) 1928 
Chaneles (18 ) 1928 
Forbes et al (23) 1921 
Halpin-Lamb (27) 1932 
Hauck, Steen bock, Par-
sons (34) 1933 
Hauck, Steenbock, Par-
sons (34) 1933 
Kick, Bethke, Edgington 
(36, 37) 1935 
Kick, Bethke, Edgington 
(36, 38) 1933, 1935 
Kick, Bethke, Record 
(37,38) 1933,1935 
Kick, Bethke et al 
(37) 1935 
Kick, Bethke et al 
(37) 1935 
McClure and Mitchell 
(44) 1931 
Munoz (51) 1936 
Smith and Lantz 
(79) 1933 
Smith and Lantz 
(79) 1933 
Tolle and Maynard 
(91) 1929 
Tolle and Maynard 
(92) 1931 
Tolle and Maynard 
(92) 1931 
Animals 
fed 
Pigs 
~ 
~ 
Chicks 
Rats 
Rats 
Sows 
Pigs 
Sows 
Chicks 
Rats 
~ 
Rats 
Rats 
Rats 
~ 
Rats 
Rats 
Pigs 
Type fluoride 
fed 
NaP 
R. P.t 
NaF 
NaF 
R. P.t 
R. P.t 
NaF 
NaF 
NaF 
R. P.t 
NaF 
R. P.t 
NaP 
R. P.t 
NaF 
R. P.t 
CaF, 
NaF 
NaF 
NaF 
NaF 
1.8% R.P. t 
1-5% 
P.L.+ 
1-3% 
P.L·t __ 
Amoun! 
F fed 
.03-
.10% 
50 mgs. per kg. 
50 mgs. per kg. 
? 
.035-
.105% 
.0679% 
.0679% 
.03-
.10% 
.03-
.10% 
.07-
.107% 
.0044-
.072% 
.0046-
.075% 
.03-
.06% 
5 mgs. per 100 gm. 
.023% 
.()46% 
.059% 
.01-
.05% 
.01-
.03% 
·Decrease very smaIl and based on dry, unashed bone. 
tR.P.=Rock phosphate. 
:tP .L. = Phosphatic limestone. 
I Tissue studied 
Femora 
Femol'~ 
Incisors 
Bones 
Tibiae 
Incisors 
Tibiao and 
Femora 
Femora 
Incisors 
Tibiae 
Tibiae 
Femora 
Humeri 
Tibiae 
Femora 
Humeri 
Humeri 
Femora 
Bones 
Teeth 
Tibiae 
Incisors 
Tibiae 
Incisors 
Bones 
Bones 
Femora 
Effec! of 
F on ash 
Normal 
Decreased 
Increased 
Decreased 
Less per 
unit vol. 
Normal 
Decreased: 
Decreased: 
Increased: 
Normal 
Normal 
Normal 
Increaaed ? 
Normal 
Normal 
Increased 
Decreased 
Normal 
Decreased 
Decreased 
Normal 
Normal 
Effec! of 
Fan Ca 
Normal 
? 
? 
Decreased 
? 
.......... -
All rations 
Effect of 
Fan MO 
Increased 
Increased 
? 
Increased 
............ 
Effec! of 
Fan P 
Normal 
Increased 
Decreased 
Increased 
? 
. ........ --
Low and moderate ea ration 
Effec! of 
F on CO, 
.......... -
.......... -
.. . ... ...... 
Decreased 
.. .. ..... . -
High Ca ration with or without vitamin D 
Normal Increased Normal Decreased 
Normal Normal Normal Normal 
.......... - ..... ..... - · ··· ···h. _ .......... -
Normal Increased Normal Decreased 
Normal Normal Normal Decreased 
Decreased .... ..... ... Normal . ...... ... -
.......... - ..... ... .. - .......... - ....... ... -
Normal ...........• Normal . ........... 
Increased .... ...... - Decreased ?* ...... .... -
............ . ......... - ............ . ......... -
.......... - .......... - .......... - .......... -
.......... - .......... - .......... - .......... -
..... 
00 
CO 
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obtained, and the method gave excellent check results with duplicate 
and triplicate samples of bone. 
Samples of 0.25 and 0.50 and 1 gram of bone were carefully 
ashed at temperatures below 7000 C. and the ash calculated. These 
ash samples were then used for the determination of calcium and, 
in a few cases, phosphorus, but in most cases phosphorus was de-
termined on the sample of bone used in the determination of carbon 
dioxide after it had been digested with nitric acid. Calcium and 
magnesium were determined gravimetrically by the method of 
McCrudden (49), with minor modifications to insure the utmost 
accuracy, and phosphorus was determined gravimetrically by the 
official method of the Association of Official and Agricultural 
Chemists (8). The samples of tibiae, femora and humeri analysed 
were the composite samples from several rats, never lesf: than three 
and usually 6 to 25 in number, . depending upon the number of 
rats in and surviving the experiment. Occasionally the bones of 
mature rats succumbing during the progress of the experiment 
were also saved and included in the samples for analysis. Analyti-
cal determinations were made separately upon samples of the tibiae, 
femora and humeri, but in order to conserve space only the aver-
aged determinations are presented in the tables. 
The figures in table 3 show that the feeding of sodium fluoride 
at levels below 0.05 percent of the ration apparently had no effect 
upon the percentage of ash in the tibiae, femora and humeri of the 
rats. Under the conditions of this experiment, when the rats re-
ceived sodium fluoride at levels of 0.05 to 0.15 percent of the ra-
tion, there was at least some tendency for the percentage of ash 
in their bones to be decreased, as was demonstrated in the cases of 
the rats of cages B17 and B48. However, the analysis of the bones 
of the rats in lots or cages B50 did not support this apparent ten-
dency. (See also table 8). The ingestion of sodium fluoride ap-
parently resulted in no regular changes in the percentages of cal-
cium and phosphorus in the ash of the bones, but when this fluoride 
was fed at levels of more than 0.025 percent of the ration there was 
usually a considerable increase in the percentage of magnesium. 
When the fluoride was fed at the higher levels, the percentage of 
carbon dioxide in the bones was usually greatly decreased, this de-
crease amounting in some cases to 40 percent or more of the nor-
mal value. There was also an apparent tendency for the percentage 
of carbon dioxide of the bones to decrease and for the percentage 
of magnesium of the bone ash to increase when sodium fluoride was 
fed at a level of only 0.025 percent of the ration, indicating as did 
the results obtained on growth and reproduction that this level of 
sodium fluoride, unless mottling of incisor teeth be the criterion, 
is the highest level at which sodium fluoride may be fed to the rat 
without fear of the imminence of acute toxicity. At the clQse of 
the experiment the eight surviving rats of cages B47 and B48, aged 
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236 days and receIvmg 0.15 percent of sodium fluoride in their 
ration, were placed on the basal ration and continued on this basal 
ration without additional fluoride for 3 months. At first these rats 
increased their weight somewhat, but after 2 weeks there was no 
further gain in weight, and the rats appeared to be in advanced 
stages of senility when killed. It is, however, interesting to note 
that in spite of the fact that the rats had been receiving almost 
lethal dosages of sodium fluoride for over 200 days, the anaylses· 
of the tibiae, femora and humeri for ash, carbon dioxide and mag-
nesium show that the bones of these rats had apparently made a 
considerable recovery during the 3 months that they were receiving 
a ration low in fluorides, even though the animals were quite ad-
vanced in age and had ceased growing. This is not necessarily in 
disagreement with the work of Bishop (14), who found very high 
percentages of fluorine present in the bones of a man who died 13 
months after he had last been exposed to the ingestion of fluorine 
as a handler of finely ground rock phosphate. Smith and Lantz 
(80) found that the incisor teeth of rats, corroded, pitted and mot-
tled by the feeding or injection of sodium fluoride, became normal 
in appearance as they continued to grow when the feeding or in-
jection of fluoride was discontinued. 
Our bone analyses, with the possible exception of results on the 
ash of the bones, agree essentially with the results obtained by 
Bethke, Kick and associates (12, 36, 37) and indicate that in work-
ing with the bones of rats fed fluorides, the determinations of car-
bon dioxide and magnesium, omitted by most investigators, are of 
greater significance than are the determinations of ash, calcium 
and/ or phosphorus. 
EXPERIMENT II. THE EFFECT OF VARIOUS LEVELS OF 
CALCIUM AND PHOSPHORUS IN THE RATION UPON 
THE TOXICITY OF SODIUM FLUORIDE. 
Since it is known that calcium fluoride is a very insoluble salt it 
was thought that possibly the rat in its metabolic processes might 
detoxicate the fluoride ingested by eliminating it through the feces 
as calcium fluoride, even as the fluorine deposition in the bones and 
teeth appeared to be a defense mechanism. 
It was therefore decided to vary the percentages of calcium and 
phosphorus in the rations of rats fed sodium fluoride at levels of 
0, 0.05, 0.10 and 0.15 percent of the ration by adding to the basal 
"B" ration 0, 0.50, 1.0 or 2.5 percent steamed bone meal or 0, 0.5 
or 1.0 percent calcium carbonate. Thus the calcium-phosphorus 
ratio of various rations fed the rats in this experiment varied from 
about 1.3 to about 1.9, while the percentages of calcium and phos-
phorus in the ration varied from 0.88 and 0.68 percent to 1.71 and 
1.03 percent respectively. An examination of the figures in table 5 
shows that there was but little difference in the growth records 
TABLE 5. THE ESSENTIAL DATA ON RATS COMPARING THE RESULTS OBTAINED WHEN SODIUM FLUORIDE WAS FED IN 
VARYING PERCENTAGES IN RATIONS CONTAINING DIFFERENT LEVELS OF VARIOUS SUPPLEMENTS. FIRST GENERATION. 
M. Av. Av. Av. At close of experiment Best Total Age at days days Percent Ca Percent Ca No. No. No. Perc't birth to to weight weight ratio average No. supplement NaF p rats young young young first reach reach at at Av. I Av. I Weight I Incisor I Appearance weight all wts. fed fed in ration used born reared reared young 100 150 100 ISO age weight age effect* of rats all ages days days age gms. gms. 
F1AI2.5% B.M.t 1.71 1 6 1 24 24 1 100 95 1 44 1 66 203 220 152 224 1 1.47 1 Good 2.33 1.88 
F3A ko% B.M. 1.03 1 1.22 1 24 17 1 71 106 1 50 1 68 197 251 149 252 1 1.69 1 Good 2.22 1.97 
1"11 10.5% B.M. 
0.82 
1 1 24 17 1 91 1 43 I 227 I 1.47 1 1.00 71 64 199 231 154 Good 2.49 1.99 
F6A /0 Ca Sup. 
0.75 1 
\ 18 171 92 1 46 1 240 1 1.56 1 ~I 6 94 72 184 236 154 Good 2.20 1.82 
F12 10.5% CaCO, 
0.68 
1 1 27 111 98 1 43 , 225 , 1.47 1 1.08 41 61 196 223 154 Good 2.50 1.88 
F13 ko% CaCO. 
Q.68 I 
1 33 18 1 101 1 47 1 217 1 1.41 1 0 1.28 1 6 55 72 185 215 154 Good 2.13 1.79 
1 Q.68 I 1 1 1 1 1 1 
1"1 12.5% B.M. 0.05 1.71 1 6 1 28 26 1 93 111 1 47 1 72 184 226 146 224 1 1.53 1 21 Fair 2.16 1.84 
!t.O%B.M. 
1.03 / 
1 37 30 1 90 1 54 / 190 I 1.30 \ 56 F3 0.05 1.22 81 86 155 194 146 21 Fair 1.94 1.60 
10.5% B.M. Q.82\ \ 34 16 \ 98 \ 50 / 196 1 1.34 / 49 F5 0.05 1.00 47 77 169 196 146 21 Fair 2.02 1.68 
10 Ca Sup. 
0.75 
\ \ 16 9 1 166 1 45 I 180 /1.17 1 ~i F7 0.05 0.88 6 56 74 174 180 154 Poor 2.23 1.69 
F14 10.5% CaCO. 
0.68 I 
\ 25 4 1 113 / 52 / 193 1 1.27 \ ~~ 0.05 1.08 I 6 16 81 172 182 154 Fair 1.95 1.63 
F16 !t.0% CaCO, 
0.68 \ 
\ 33 29 \ 98 \ 43 1 233 1 1.53 \ 
42 
0.05 1.28 88 65 194 229 152 25 Good 2.34 1.88 
1 Q.68 1 1 1 1 1 1 1 49 
1"9 11.0% C.L.O.~ 0.05 0.88 1 6 1 25 25 1 100 88 1 49 1 66 180 213 154 214 1 1.39 1 28 Good 2.21 1.83 
1 0.68 1 1 1 1 1 1 1 I 56 
1"2 12.5% B.M.t 0.10 1.71 1 6 1 25 191:-4§1 36 100 I 51 1 79 167 190 146 190 1 1.31 1 21 Poor 2.03 1.66 
F4 \t.0% B.M. 
1.03 
1 \ 11 1 10 1 138 1 58 1 1 \ 42 0.10 1.22 91 95 156 182 146 180 1.23 21 Poor 1.75 1.50 
1 0.82 1 1 1 1 1 I 1 1 42 
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made by the first gen-
eration of rats in the 
various lots receiving 
no additional fluoride 
i nth i s experiment. 
Where 0,05 percent of 
sodium fluoride was 
added to the rations of 
the first generation 
rats, the best records 
of growth and repro-
duction we r e appar-
ently made by the lots 
receiving 2,5 percent 
steamed bone meal and 
1 percent calcium car-
bon ate respectively 
and by one lot, F9, 
which received no ad-
ditional calcium sup-
plement but the ration 
of which contained 1 
percent cod-liver 0 i I 
(Squibbs). The growth 
of the rats in the lots 
receiving the smaller 
percentages of calcium 
supplements t 0 their 
rations lagged some-
what and smaller per-
centages of the young-
born were reared. Thi~ 
was especially true of 
lot 7, receiving no ad-
ditional calcium sup-
plement, in which only 
16 young w ere born, 
only nine reared and 
in which the rats did 
not reproduce until 
they attained an ad-
vanced age, The inci-
sor teeth of the rats 
receiving the lower 
percentages of calcium 
in the ration without 
cod-liver oil also pre-
sented definite incisor 
hypertrophy earlier in 
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the experiment, and the general condition of the rats appeared to be 
less satisfactory than that of the other rats receiving the same per-
centage of sodium fluoride. Where 0.10 percent of sodium fluoride 
was added to the rations of the first generation of the rats in this ex-
periment, the records of growth and reproduction sank to the usual 
low level noted in the previous experiment when the above per-
centage of fluoride was fed, and there were no outstanding differ-
ences between the different lots. However, the rats in the lots re-
ceiving 1 percent calcium carbonate and 2.5 percent bone meal 
respectively, made slightly better growth. The rats in lot F8 re-
ceiving no calcium supplement to their ration were in the poorest 
condition at the close of the experiment. Those in lot FlO receiving 
cod-liver oil weighed less, were stunted and scrubby but were in 
much better general condition. 
Of the rats receiving sodium fluoride to the extent of 0.15 percent 
of their ration, the rats in lot F20 receiving 1 percent calcium car-
bonate probably ended the experiment in the best general condition, 
although their growth record as shown in table 5 shows no definite 
superiority. All the females in this lot reproduced, two of them 
giving birth to a second litter of which one litter of six was not 
suckled. The percentage of young reared by the females of this lot 
is good, however, considering the fact that reproduction in rats 
receiving this level of sodium fluoride frequently fails entirely. In 
lot F19, receiving 0.5 percent calcium carbonate in the ration, two 
of three females reproduced but devoured their young, while in 
lot F21 one female gave birth to five young and promptly devoured 
them. In lot F18 receiving no additional calcium supplement one 
female, visibly in better condition than the other females in the 
cage, produced five young and reared them all. However, as table 
6 shows, these five rats, as well as the 23 surviving rats of lot F20, 
made extremely poor growth and averaged only 70 and 85 grams 
in weight respectively when they were dispatched at the age of 
130 days. 
The results obtained upon successive generations of rats in this 
experiment, which are listed in table 6, are in many respects a 
repetition and an emphasis of the results shown in table 5. As is 
shown in table 2 in Experiment I, successive generations of rats 
receiving this "B" ration, with or without fluorides, do not normally 
make such good growth as do the rats of the first generation, which 
fact is again demonstrated in this experiment. The lots of succeed-
ing generations of rats receiving no sodium fluoride which made the 
most satisfactory growth records were those lots which received 2.5 
percent and 1 percent respectively of bone meal in their rations. 
All the successive generations of rats receiving sodium fluoride in 
their rations at a level of 0.05 percent made less satisfactory growth , 
TABLE 6. THE ESSENTIAL DATA ON RATS COMPARING THE RESULTS OBTAINED WHEN SODIUM FLUORIDE WAS FED IN 
VARYING PERCENTAGES IN RATIONS CONTAINING DIFFERENT LEVELS OF VARIOUS SUPPLEMENTS. 
THE SECOND AND SUCGEEDING GENERATIONS. 
Age at Averag e Ave:'age Average Percent Ca Percent No. No. No. Percent days to days to No. supplement NaF rats young young young birth I'each reach weight oen.* fed fed used born reared reared first 100 150 at 100 young gms. gms, days 
FIA, .• 2.5% B.M.+ 0 25 48 42 88 103 57 94 1 159 F3A, 1.0% RM. 0 17 20 20 100 101 50 69 196 
Flh·, 0.5% B.M. 0 32 69 46 67 121 79 119 
I 
126 
F6A, . • o Ga Suppl. 0 23 33 9 27 112 82 119 125 
F12, . , 0.5% GaGa. 0 32 54 33 61 117 94 113 
F13, . , 1.0% CaGO. 0 60 64 42 66 112 80 122 123 
Fh .• 2.5% RM. 0.05 45 51 26 51 121 81 122 125 
F3,., 1.0% RM. 0.05 32 46 9 20 130 83 115 
F5, . • 0.5% B.M. 0.05 22 20 7 35 110 118 138 113 
F7, o Ca Suppl. 0.05 9 11 0 ... _. 204 134 . ..... 87 
F14, 0.5% GaGa. 0.05 4 0 0 184 69 
FI6,., 1.0% CaCO. 0.05 60 121 29 25 135 90 155 112 
F9,., 1% C.L.O.' 0.05 I 104 I 174 I 129 I 74 I 102 I 68 I 102 I 147 F9. 1% C.L.O. 0.05 5 32 27 84 
F90.§ 1% C.L.O. .05-0§ I 13 I 15 I 13 I 87 I 108 I 69 I 100 I 153 
F2, 2.5% B.M. 0.10 4 0 0 "'-0' ...... 90 107 
I 
115 
F4, 1.0% RM. 0.10 10 0 0 99 ...... 102 
F6,., 0.5% B.M. 0.10 18 33 12 36 175 125 .... -. 87 
F8, o Ga Suppl. 0.10 6 0 0 .. ---. . ..... . ..... 
I 
67 
F15, 0.5% CaGO. 0.10 7 0 0 148 ..... 85 
FI7, .• 1. 0 % CaCO. 0.10 33 00 16 53 146 94 ...... 88 
~ 1% C.L.O. 0.10 I 39 I 24 I 19 I 79 I 100 I 81 I .... .. I 120 ~ 2.5% B.M. 0.15 
I 
None produced 
I I 1 I I 
F18, o Ga Suppl. 0.15 5 I 0 I 0 .. ---. ...... . ..... ... -- 72 
F19, 0.5% CaGO. 0.15 None produced 
F20, 1.0% GaGa. 0.15 23 I 0 I 0 .. ---. ...... _ .... - ..... - 78 
B Ration=Yellow corn 76 parts, 60 percent digester tankage 10, linseed oilmeal 10, NaGI 5. 
*Gen. = Generation. FIA, .• =FIA second and third generations. 
tIncisor effect=The gradual fading or loss of color of the incisors followed by hypertrophy. 
tB.M.=Steamed bone meal. 
~G.L.O. = Cod-liver oil. 
At close of experiment 
Average I Average I Weight I Incisor 
age weight age effectt 
111 170 1.53 
1= 
136 226 1.66 
122 158 1.30 
129 155 1.20 
133 143 1.08 1= 127 153 1.20 
123 154 I 1.25 +++ 
132 130 
I 
0.99 +++ 
123 126 1.02 +++ 
126 97 0.76 ++++ 
135 90 0.67 +++ 
132 131 0.99 +++ 
118 I 162 1 1.37 1++ 1 129 171 1.33 ++ 
181 I 214 I 1.18 I- I 
129 136 1.05 ++++ 
132 124 0.94 ++++ 
123 96 0.76 ++++ 
128 68 0.53 ++++ 
138 104 0.75 ++++ 
135 100 0.74 ++++ 
133 I 135 I 1.02 1+++ I 
I I 
134 70 0.52 I ++++ I 
132 85 0.64 ++++ 
Best Total 
ratio average 
weight all wts. 
age all ages 
1.64 1.52 
2.15 1.89 
1.32 1.24 
1.26 1.19 
1.15 1.08 
1.30 1.24 
1.30 1.24 
1.19 1.08 
1.20 1.08 
0.97 0.76 
0.70 0.67 
1.19 1.07 
1.58 I 1.42 1.62 I 1.42 
1.33 I 1.21 
1.30 1.15 
1.04 0.95 
0.91 0.80 
0.91 0.68 
0.94 0.83 
0.98 0.86 
1.26 I 1.14 
I 
0.74 0.58 
0.92 0.77 
§ =2 litters F9 sixth generation rats, 8d' 5 'i', 91 days old, were designated as F96. and NaF removed from their ration. Incisors wh ite and 
long. Closed 3 months later. Incisors normal. Clondition of rats good. 
.... 
ex> 
(0 
190 
regardless of added calcium supplements in their rations, than did 
comparable groups receiving no additional * fluoride, but the growth 
failures of the lots receiving 0.5 percent calcium carbonate and no 
additional calcium supplement were most marked. These lots also 
failed to reproduce and rear a third generation. 
Of all the lots of rats listed in table 6 receiving 0.05 percent of 
sodium fluoride in their ration by far the best records of growth 
and reproduction were made by those rats receiving 1 percent of 
cod· liver oil in their ration. These rats were continued through six 
generations, and all rats remained in good condition (with the ex· 
ception that the incisors were elongated) until destroyed, in great 
contrast to the second generation of lot F7, which did not repro· 
duce, although the only difference in their management was the 
cod· liver oil in the ration of F9. When two litters of F9, sixth gen· 
eration rats were 91 days old they were designated as F96a, the 
fluoride was omitted from their ration, and they were continued for 
3 months. Each of the five females reproduced at least twice, but 
the young were not saved. At the end of the 3 months the incisors 
of the rats, which were long and white when the fluoride was reo 
moved from the ration, had regained . their normal pigment and 
transl ucence. 
Most of the second, third and, in one lot, fourth generation rats 
receiving 0.1 percent of sodium fluoride in their ration failed to 
grow and reproduce with any degree of uniformity. The poorest 
record was made by the rats in lot F82 , receiving no additional cal· 
cium supplement, and the best record was probably made by the 
rats in lots FI02 • 3 , their ration being the same as that received by 
F82 but containing in addition 1 percent of cod· liver oil. The fe· 
males in these lots reared 79 percent of the young born, in spite 
of the low percentage of calcium and the high percentage of fluo· 
ride in the ration. Lot 2, second generation, receiving 2.5 percent 
of bone meal in the ration, made fair growth, considering the 
amount of fluoride in the ration, but in this lot of four rats there 
was only one scrubby female, so there was no reproduction. 
The second and third generations of the rats in this experiment 
while growing and reproducing passed through one of the most 
prolonged and intense heat waves ever experienced in Ames; on 1 
day 16 of our experimental rats, nine of them pregnant females, 
were removed from their cages, killed by the heat. In spite of this., 
however. the figures presented in tables 5 and 6 seem to show a 
definite superiority of the rations containing the higher percentages 
of calcium and of the rations containing cod·liver oil, even though 
the percentage of calcium presen t was small. This superiority was 
masked when the higher levels of fluoride were fed . 
. Table 7 presents the analyses of the tibiae, femora and humeri of 
representative lots of rats used in this experiment. These analyses 
show that there were no outstanding differences in lhe percentages 
*It is considered that all natural feeding materials probably contain very small 
a mounts of fluorine. 
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of calcium and phosphorus in the ash of the bones of the lots of 
rats receiving no additional fluoride in their rations, nor in the 
percentage of carbon dioxide in the bones. The percentage of mag-
nesium in the ash of the bones was highest in the bone ash from 
the rats in the ·Iots receiving no calcium supplement and lowest il) 
the bone ash from the lots of rats receiving 1 percent of calcium 
carbonate. 
The analyses of the bones of the rats receiving sodium fluoride 
(without cod-liver oil) in the ration agree, with the possible excep-
tion of the results obtained on the percentages of bone ash, with 
the results obtained in Experiment I. In general and within defi-
nite limits as the percentage of sodium fluoride in the rations is 
increased the percentage of magnesium in the ash of the bones of 
the rats increases, and the percentage of carbon dioxide in the 
bones of the rats decreases. Apparently the amount of calcium 
supplement ' in the ration influenced the percentage of the ash in 
the bones of the rats more than did the percentage of fluoride in 
the ration. The high intake of fluorine by the lots of rats receiving 
the higher levels of sodium fluoride in their rations equalized the 
percentages of the constituents of the bones of the various lots of 
rats even as it reduced their growth and reproduction to an ex-
tremely low level. 
In general the bones of those lots of rats which received 1 percent 
of calcium carbonate in the ration and 0.05 or 0.10 percent respec-
tively of sodium fluoride, presented somewhat higher percentages of 
carbon dioxide in the bones and somewhat lower percentages of 
magnesium in the bone ash than did the bones of the other lots of 
rats (except where cod-liver oil was fed) in the same groups, 
namely, rats which received the same percentages of sodium fluoride 
but different percentages of calcium supplements in their rations. 
Conversely the bones of those lots of rats which received no added 
calcium supplement, and in which the hjgh levels of fluoride did 
not mask the results, tended to present minimum percentages of 
bone ash and maximum percentages of magnesium in the ash. 
These average results incline toward the idea that the presence of 
1 percent of calcium carbonate in the ration, while it apparently 
had no outstanding favorable effect on rats fed fluorides, as shown 
by their growth, general condition or reproduction in tables 5 and 6, 
may have, by its change of the calcium-phosphorus ratio of the 
ration or its alkalinity, ameliorated the general effect of fluoride 
ingestion upon the bones to a slight degree. 
Probably the most interesting results obtained from the analyses 
of the bones of the rats in this experiment were those obtained from 
the bones of those rats fed 1 percent of cod-liver oil. Although 
these lots of rats received no additional calcium supplement in their 
rations, the presence of cod-liver oil appeared, under the conditions 
of this experiment, to ameliorate to a considerable degree two df the 
TABLE 7. THE AVERAGED PERCENTAGE OF THE MINERAL CONSTITUENTS OF THE TIBIAE. FEMORA AND HUMERI OF RATS 
FED RATIONS CONTAINING VARYING AMOUNTS OF NaF AND Ca SUPPLEMENT. 
Average Average Average Avel'age Ra!io Ra!io Average No. Percent Ca Percent Percent percent percent Average percent Average percent Average percent Ca percent Ca percent and supplemen! NaF F fed as ash in T, Ca in T, percent Mg in T, percent Pin T, percent percent Mg ~ CO. in T, gen.* fed NaF F and Ht F and Ht Ca in ash F and Ht Mg in ash F and Ht P in ash in ash in ash F and Ht 1:- 1:-
F1A 2.5% bone meal I 0 I 0 I 65.13 I 24.22 I 37.19 I 0.507 I 0.778 I 11.72 I 17.99 I 47.80 I 2.07 01 2.84 I! 2.69 
F3A 1.0% bone meal I 0 \ 0 \ 65.07 \ 24.50 \ 37.65 I 0.580 I 0.891 I 11.90 I 18.29 I 42.26 I 2.06 I 3.05 I! 2.78 
FIt. 0.5% bone meal I 0 I 0 I 63.73 I 24.00 I 37.66 I 0.539 I 0.846 I 11.20 I 17.57 I 44.52 I 2.14 I 2.64 I! 2.72 
F6A, 0 1 0 1 0 1 64.25 1 24.18 1 37.63 1 0.591 1 0.920 1 ... _ ... 1 ....... ~ 1 40.90 1 . ..... 2.53 
F6A. 0 1 0 1 0 1 62.69 1 23.56 1 37.58 1 0.549 1 0.876 1 11.33 1 18.07 1 42.90 1 2.08 2.80 
F6A. 0 1 0 1 0 1 63.28 1 24.49 1 38.70 1 0.524 1 0.828 1 ... _ ... 1 . .. _ ... 1 46.74 1 . ..... 2.92 
F12. 0.5% CaCO. I 0 I 0 I 62.63 I 23.30 I 37.20 I 0.495 I 0.790 I 11.43 I 18.25 I 47.09 1 2.04 I 2.83 1 I! 2.48 
F13, 1.0% CaCO. I 0 I 0 I 63.71 ! 24.16 I 37.92 I 0.430 I 0.675 I 11.83 I 18.57 I 56.18 1 2.04 I 2.91 1 I! 2.44 
FIt 2.5% bone meal 1 0.05 1 0.0226 1 63.71 1 24 .06 1 37.76 1 0.698 1 1.096 1 ........ 1 . .. -... 1 34.45 1 . ..... 2.29 
Fb 2.5% bone meal 1 0.05 1 0.0226 1 64.89 1 23.77 1 36.63 1 0.692 1 1.066 1 11.96 1 18.~3 1 34.36 1 1.99 2.35 
Fla 2.5% bone meal 1 0.05 1 0.0226 1 64.40 1 23.88 1 37.08 1 0.792 1 1.230 1 •....... 1 . ....... 1 30.15 1 ...... . ..... 
F1, 2.5% bone meal 1 0.05 1 0.0226 1 65.11 1 24.56 1 37.72 1 0.757 1 1.163 1 ........ 1 . ....... 1 32.43 1 --.... . ....• 
~ 1.0% bone meal 1 0.05 1 0.0226 1 63.69 1 23.88 1 37.49 1 0.667 1 1.047 1 11.68 1 18.34 1 35.81 1 2.04 2.06 
F3, 1.0% bone meal 1 0.05 1 0.0226 1 64.24 1 24.19 1 37.66 1 0.683 1 1.063 1 ... _ ... I · ........ 1 35.43 1 . ..... 2.40 
F 51 0.5% bone meal I 0.05 I 0.0226 I 62.47 I 23.91 I 38.27 I 0.655 I 1.049 I 11.47 I 18.36 I 36.48 I 2.08 I 2.41 I! 2.22 
F7. 0 I 0.05 I 0.0226 I 61.52 I 23.29 I 37.86 I 0.794 I 1.291 1 11.39 I 18.51 I 29.33 I 2.05 I 2.32 1 I! 1.98 
F14, 0.5% CaCO. 1 0.05 1 0.0226 1 63.31 1 23.72 1 37.47 1 0.598 1 0.945 1 11.69 1 18.46 1 39.65 1 2.03 2.37 
F14. 0.5% CaCO. 1 0.05 1 0.0226 1 62.40 1 22.63 1 36.27 1 0.669 1 1.072 1 11.44 1 18.33 1 33.83 1 1.98 2.00 
F16, 1.0% CaCO. 1 0.05 1 0.0226 1 64.42 1 24.32 1 37.75 1 0.591 1 0.917 1 .......• 1 . ....... 1 41.17 1 . ..... 2.74 
F16. 1.0% CaCO. 
1.0.05 I 0.0226 I 66.37 I 23.92 I 36.04 I 0.602 I 0.907 I 12.28 I 18.50 I 39.74 I 1.95 I! 2.22 II! 2.83 IV 2.70 
Ffu 1.0% C.L.O.lI 1 0.05 1 0.0226 1 65.19 J~-,~4_1~7.80 I. 0.639 1 0.980 1 ........ 1 . ....... 1 38.57 1 . ..... 2.55 
.... 
(0 
t¢ 
F9. 1.0% C.L.O. I 0.05 I 0.0226 I 64.97 I 24.02 I 36.97 I 0.630 I 0.970 I 11.56 I 17 .79 I 38.11 I 2.08 
F9. 1.0% C.L.O. I 0.05 I 0.0226 I 65.00 I 24.32 I 37.42 I 0.562 I 0.8'65 I ... _ ... I . .. _ ... I 43.26 I . ... .. 
F9. 1.0% C.L.O. I 0.05 I 0.0226 I 64.43 I 24.88 I 38.62 I 0.528 I 0.819 I ........ I . .... --- I 47.16 I ...... 
F9, 1.0% C.L.O. I 0.05 I 0.0226 I 64.03 I 24.69 I 38.56 I 0.632 I 0.987 I ........ I . ... - .. . I 39.07 I . .. ... 
F9. 1.0% C.L.O. I 0.05 I 0.0226 I 67.35 I 25.47 I 37.82 I 0.652 I 0.968 I ...... .. I . .... .. - I 39.07 I . . __ .. 
F96a 1.0% C.L.O. I .05- 0 I 0 I 68.47 I 25.35 I 37.02 I 0.539 I 0.787 I . .. - ... I . .. .... . I 47.04 I . ._ .. . 
F2, -. 2.5% bone meal I 0.10 I 0.0452 I 63.49 I 24.28 I 38.24 I 0.710 I 1.118 I 11.64 I 18.33 I 34.20 I 2.09 
F4. 1.0% bone meal \ 0.10 
\ 
0.0452 
\ 
62.41 
\ 
23.97 I 38.41 I 0.787 I 1.261 I 11.65 I 18.67 I 30.46 I 2.06 
F6. 0.5 % bone meal I 0.10 I 
0.0452 
I 63.27 I 24.39 I 38.55 I 0.803 I 
1.269 
I 
11.50 
I 
18.18 
I 
30.38 I 2.12 
F8, 0 I 0.10 I 0.0452 I 62.37 I 23.34 I 37.42 I 0.716 I 1.148 I ... -.. ~ I ........ I 32.60 I . ..... 
F8, 0 I 0.10 I 0.0452 I 61.52 I 23.29 I 37.86 I 0.815 I 1.325 I 11.35 I 18.45 I 28.57 I 2.05 
F15, 0.5 % CaCO. I 0.10 I 0.0452 I 63.15 I 23.56 I 37.31 I 0.651 I 1.031 I 11.62 18.40 I 36.19 I 2.03 
F15. 0.5% CaCO. I 0.10 I 0.0452 I 62.45 I 23.03 I 36.88 I 0.692 I 1.108 I . ....... . . . - . .. I 33.29 I . . .... 
F17, 1.0% CaCO. I 0.10 I 0.0452 I 64.21 I 24.17 I 37.64 I 0.686 I 1.068 I ........ . _-_ .... I 35.24 I . .. ... 
F17. 1.0% CaCO. 
\ 
0.10 I 0.0452 I 65.13 I 23.73 I 36.43 I 0.694 \ 1.066 I 11.79 18.10 I 34.17 I 2.01 
'FiG,"" 1.0% C.L.O. I 0.10 I 0.0452 I 64.35 I 24.74 I 38.45 I 0.611 I 0.949 I ...... .. ......... i 40.52 I . .. ... 
FlO. 1.0% C.L.O. I 0.10 I 0.0452 I 63.01 I 23.66 I 37.55 I 0.58Z I 0.924 I 11.27 17.89 I 40.64 I 2.10 
FlO, 1.0% C.L.O. I 0.10 I 0.0452 I 64.81 I 24.66 I 38.05 I 0.620 I 0.957 - I ... .... . . ....... I 39.76 I . ... -. 
F2lt 2.5% bone meal I 0.15 I 0.0679 I 55.08 I 20.33 I 36.91 I 0.725 I 1.316 I 10.13 18.39 I 28.05 I 2.01 
F18, 0 I 0.15 I 0.0679 I 60.96 I 22.38 I 36.71 I 0.711 I 1.166 I 11.24 18.44 I 31.48 I 1.99 
F19, 0.5 % CaCO. I 0.15 I 0.0679 I 61.79 I 22.76 I 36.83 I 0.664 I 1.075 I 11.31 18.30 I 34.26 I 2.01 
F20, 1.0% CaCO, I 0.15 I 0.C~79 I 64.99 I 24.31 I 37.41 I 0.644 I 0.991 I .. .•... ' .. -..... I 37.75 I . .... . 
F20. 1.0% CaCO. I 0.15 I 0:0679 I 63.31 I 23.16 I 36.58 I 0.691 I 1.092 I 11.54 18.23 I 33.50 I 2.01 
*Gen. 1, 2. etc.==First generation, second generation. etc. In colmnn 14. If II, etc., refer to first and second generations. etc. 
tT, F and H=Tibiae, femora and humeri. 
1JC.L.O.=Cod-liver oil. 
2.56 
2.54 
2.62 
2.60 
2.48 
2.77 
2.17 
I 1.94 
II 1.85 
I 2.31 
II 2.07 
IV 2.20 
2.10 
2.02 
2.26 
2.12 
2.61 
II 2.48 
III 2.66 
2.71 
2.48 
2.65 
1.98 
2.07 
2.21 
2.35 
2.21 
..... 
CO 
~ 
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usual evidences of fluorosis of the bones of rats through six genera-
tions of rats where 0.05 percent of sodium fluoride was fed and 
through three generations where 0.10 percent of the fluoride was 
fed. While the percentages of carbon dioxide in the bones and 
the percentages of magnesium in the bone ash of these lots of rats 
fed cod-liver oil in rations containing respectively 0.05 and 0.10 
percent sodium fluoride were not those of the bones of normal rats, 
they did indicate that the records of better growth condition and 
reproduction established by these lots of rats as shown in tables 
5 and 6 were probably authentic. The lot of rats designated as 
F96a, which had received 0.05 percent of sodium fluoride in their 
ration for 91 days but from which ration the sodium fluoride had 
been omitted during the last 3 months of the experiment, presented 
what were probably normal figures for the percentages of the con-
stituents of the bones, corroborating the results obtained upon the 
bones of the lot of rats designated as F47-481 in Experiment I and 
offering further evidence that not all changes in bone composition 
resulting from fluorosis are necessarily permanent. 
In order to visualize better the apparently favorable effect ex-
erted by cod-liver oil in the ration upon the percentages of ash and 
carbon dioxide of the bone and upon the percentage of magnesium 
of the bone ash of the rats in this experiment, table 8 was compiled. 
This table includes results obtained from the analyses of the tibiae, 
femora and humeri of some of the rats used in Experiments I and II 
as well as a few drawn from other experiments. The average figures 
compiled in this table tend to corroborate some of the conclusions 
drawn before the table was compiled, namely, that in this experi-
ment higher percentages of calcium and the addition of cod-liver 
oil respectively tended to ameliorate to some degree the toxic effects 
of sodium fluoride upon the bones of the rats receiving the fluoride. 
In this connection it is interesting to note that in 1911 Schlick 
(71) reported that frogs receiving toxic doses of sodium fluoride 
could be protected with calcium chloride. Hauck, Steenbock and 
Parsons (34) feeding high, low and moderate calcium diets found 
that the toxicity of sodium fluoride was increased when diets con-
taining low percentages of calcium were fed. Munoz fed growing 
rats 3 mgs. fluorine, as sodium fluoride, per 100 grams of body 
weight for 4 weeks and found that the daily administration of vita-
man D, parathyroid hormone or calcium lactate did not prevent 
fluorosis. The bones and teeth of the fluorine-fed rats contained 
less ash and more fluorine than the controls. Phillips and Hart 
(62) found that the addition of 0.15 percent of sodium fluoride to 
a grain ration completely checked the growth of the rats receiving 
it. The addition of calcium lactate, glycerol or lactic acid to the 
ration did not help growth, nor did other additions. However, when 
a ration of higher calorific value containing the same percentage of 
fluoride was fed, some growth was obtained, since the energy re-
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quirements were met with a decreased ingestion of fluoride. After 
60 days the fluorine was removed from the ration, the rats grew 
normally, and the genitalia developed. The teeth did not, however, 
return to their normal condition during the 60·day period of ob· 
servation. Smith (7S) stated that mottled enamel in rats could 
not be prevented by the addition of any known dietary factor to 
the ration of rats receiving fluoride and was not aggravated by a 
suboptimal intake of any dietary essential. On the other hand 
Chaneles (IS, 19) felt that the irradiation with ultra violet rays of 
rats receiving sodium fluoride improved their growth and amelio-
rated the fluorine effect upon their incisor teeth. He also found 
that the percentages of ash, calcium and phosphorus present in the 
bones of fluoride fed rats more nearly approached the normal when 
the rats were thus irradiated. 
EXPERIMENT III. FLUOROSIS IN THE ALBINO RAT PRO-
DUCED BY FEEDING "B" RATION, CONTAINING VARY· 
ING PERCENTAGES OF SODIUM FLUORIDE, STEAMED 
BONE MEAL AND 1 PERCENT OF COD-LIVER OIL. 
This experiment was conducted as a further attempt to determine 
if the presence of cod-liver oil in the ration exerts any favorable 
modifying effect upon the fluorosis developed when rats are fed 
sodium fluoride. 
Since the results obtained through Experiment II showed that 
the rats did not grow nor reproduce as well when no calcium sup· 
plement was added to the "B" ration, 1 percent of bone meal was 
included in the ration used in the primary experiment, and 2.5 per-
cent of bone meal was used in a sub-experiment started later, in 
which only the higher levels of fluoride were fed. With this ration, 
it was thought that any favorable effect exerted by the cod-liver oil 
would not be distorted by a lack of sufficient calcium in the ration. 
The calcium-phosphorus ratio of this ration was approximately-
1.5: 1, while that of the ration used in Experiment II, containing no 
added calcium supplement but to which cod-liver oil was added, 
was approximately 1.3:1. The results depicting the growth and 
reproduction records made by the rats used in this experiment are 
shown in table 9. 
A comparison of these average results with the average results 
made by lots of rats fed similar rations in Experiments I and II, 
tables 1, 2, 5 and 6, shows that there were no great differences in 
the growth records established by the first generation of rats used 
in these three experiments where similar rations were fed. The 
rats in lot FSO, however, receiving sodium fluoride at a level of 0.05 
percent of the ration, probably made somewhat better growth up 
to an age of 150 days than did the various lots of rats receiving this 
level of sodium fluoride in Experiment I. At the close of the ex-
periment one female in the cage was pregnant, the other two were 
with young, and the general condition of all the rats was excellent 
TABLE 8. THE AVERAGED PERCENTAGE OF MINERAL CONSTITUENTS OF THE TIBIAE, FEMORA AND HUMERI OF RATS FED 
RATIONSt WITH AND WITHOUT SODIUM FLUORIDE AND COD-LIVER OIL. 
No. 
and 
gen.* 
F6A, 
F6A3 
F6A, 
Average 
F1A, 
F46, 
F46, 
B20, 
Ell, 
Percent 
supplement 
o 
o 
o 
2.5% bone meal 
2.50/0 bone meal 
2.5% bone meal 
2.50/0 bone meal 
2.5% bone meal 
Percenl 
NaF 
fed 
o 
o 
o 
0 
0 
0 
0 
0 
Percent 
F fed as 
NaF 
o 
o 
o 
0 
0 
0 
0 
0 
Average 
percent 
ash in T, 
F and Ht 
64.25 
62.69 
63.28 
63.41 
65.13 
66.08 
64.53 
65.37 
65.31 
Percent 
Ca in T, 
F and Ht 
24.18 
23.56 
24.49 
24.08 
24.22 
24.35 
24.24 
23.95 
23.54 
Percent 
Ca in 
ash 
37.63 
37.58 
38.70 
37.97 
37.19 
36.85 
37.56 
36.64 
36.04 
Percent 
Mg in T, 
F and Ht 
0.591 
0.549 
0.524 
0.555 
0.507 
0.570 
0.541 
0.443 
0.483 
Percent 
Mg in 
ash 
0.920 
0.876 
0.828 
0.875 
0.778 
0.863 
0.838 
0.678 
0.740 
Ratio 
Ca 
Mg 
in ash 
40.90 
42.90 
46.74 
43.51 
47.80 
42.70 
44.82 
54.04 
48.70 1 
Ratio 
Percent Percent Ca in 
Pin T, Pin ash 
F and Ht ash Piii 
ash 
11.33 18.07 2.08 
11.33 18.07 2.08 
11.72 
1 
17.99 
1 
2.07 
12.13 18.36 2.01 
11.83 18.33 2.05 
11.58 17.71 2.07 
Average ------ .. _--- --- -------- .-----_._- ._.--._-- ---_ ... - ...... _- _.--._--- I 65.28 1 24.06 1 36.86 1 0.509 1 0.779 1 47.61 1 11.82 1 18.10 1 2.05 I 
Fb 2.5% bone meal .05 0.0226 63.71 24.06 37.76 0.698 1.096 I 34.45 Flo 2.5% bone meal .05 0.0226 64.89 23.77 36.63 0.692 1.066 34.46 11.96 18.43 1.99 
Flo 2.5% bone meal .05 0.0226 64.40 23.88 37.08 0.792 1.230 30.15 ........ ._-_ .. _- ...... 
Fl. 2.5% bone meal .05 0.0226 65.11 24.56 37.72 0.757 1.163 32.43 
B10. 2.5% bone meal .05 0.0226 62.54 23.19 37.08 0.688 1.100 33.71 11.12 17.78 2.09 
B26, 2.5% bone meal .05 0.0226 63.77 24.17 37.90 0.635 0.996 38.05 11.75 18.43 2.06 
B263·. 2.5% bone meal .05 0.0226 63.25 23.48 37.12 0.683 1.080 34.37 11.75 18.58 2.00 
B49, 2.5% bone meal .05 0.0226 64.40 24.65 38.28 0.637 0.989 38.71 I 11.87 18.43 2.08 B49, 2.5% bone meal .05 0.0226 64.53 24.47 37.92 0.772 1.196 31.71 11.37 17.62 2.15 
Average ... _ ... ........... _. __ ............. --.. '.-- -- ----- --------- 1 64.07 1 24.03 I 37.50 I 0.706 I 1.102 I 34.23 1 11.64 1 18.21 1 2.06 1 
F9. 1.0% C.L.O.1I .05 0.0226 65.19 24.64 37.80 0.639 0.980 38.57 
I F9, 1.0% C.L.O. .05 0.0226 64.97 24.02 36.97 0.630 0.970 38.11 11.56 17.79 2.08 F9, 1.0% C.L.O. .05 0.0226 65.00 24.32 37.42 0.562 0.865 43.26 ... _ ... • __ w •• __ ._--_. 
F9. 1.0% C.L.O. .05 0.0226 64.43 24.88 38.62 0.528 0.819 47.16 
I 
. ... _-_ . . .... __ . . .. _ .. 
F9, 1.00/0 C.L.O. .05 0.0226 64.03 24.69 38.56 0.632 0.987 39.07 -_ ... __ . .-.-.-. . ... _-
F9. 1.00/0 C.L.O. .05 0.0226 67.35 25.47 37.82 0.652 0.968 39.07 ... -... . ...... - ...... 
Average .................................................................... ·_ .. ·1 65.16 24.67 37.87 0.607 0.932 40.87 11.56 17 .79 2.08 
F8 I 0 I .10 I 0.0452 I 62.37 23.34 37.42 0.716 1.148 32.60 F8, 0 .10 0.0452 61.52 23.29 37.86 0.815 1.325 28.57 11.35 18.45 2.05 
Average ....... · .............................. · ........ · .. · ...................... ·1 61.95 23.32 37.64 0.766 1.237 30.59 11.35 18.45 2.05 
F2 12.50/0 bone meal 1 .10 
I 
0.0452 
1 
63.49 24.28 38.24 0.710 1.118 34.21 11.64 18.33 2.09 
BIb 2.5% bone meal ! .10 0.0452 60.41 22.28 36.88 0.728 1.205 30.61 10.77 17.83 2.07 
B27. 2.5% bone meal .10 0.0452 64.17 24.23 37.76 0.631 0.983 38.41 11.77 18.34 2.06 
B50. 2.5% bone meal .10 0.0'452 65.04 23.79 36.58 0.679 1.044 35.04 11.82 18.17 2.01 
B50, 2.5% bone meal .10 1 0.0452 62.38 22.63 36.28 0.814 1.305 27.80 11.47 18.39 1.97 
Percent 
CO, in T. 
F and Ht 
2.55 
2.30 
2.80 
2.55 
2.84 
2.88 
2.88 
2.71 
2.84 
2.83 
2.29 
2.35 
-_ .. _-
2.17 
2.43 
2.21 
2.37 
2.27 
2.30 
2.55 
2.56 
2.54 
2.62 
2.60 
2.48 
2.56 
2.10 
2.02 
2.06 
2.17 
2.01 
2.30 
2.37 
1.85 
..... 
10 
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and equal to that of the rats in the other cages 
receiving smaller percentages of fluoride in their 
rations, with the exception that the incisors of 
the rats in lot F80 were white and somewhat 
elongated. 
The succeeding generations of rats receiving cod· 
liver oil in their rations made better general 
growth records than did the rats of the second to 
fourth or second to sixth generations used in Ex-
periment I. No second or succeeding generations 
of rats receiving more than 0.05 percent of sodium 
fluoride in the ration survived. 
Reproduction in this experiment was very unsat-
isfactory in that a comparatively small percentage 
of the young born in all lots were reared. The first 
generation of these rats were much affected by re-
current heat waves as were some of the rats in Ex-
periment II, occurring unfortunately at the time 
they were with young. However, the successive 
generations of rats reared to maturity, while re-
producing normally, also seemed to be addicted to 
excessive cannabalism, and it is problematical 
whether this should be charged to the presence or 
lack of certain constituents in the ration or to a 
general cannibalistic tendency in the rats. 
Examination of table 10, containing the averaged 
analyses of the tibiae, femora and humeri of rep-
resentative lots of the rats used in this experiment, 
shows that the percentage of carbon dioxide pres-
ent in the bones of the lots of rats receiving the 
higher levels of sodium fluoride in their rations 
was not decreased to the extent noted in the an-
alyses of the bones of those lots of rats receiving 
the higher levels of fluoride in Experiments I and 
II. Furthermore, while the percentage of magne-
sium in the ash of the bones of all lots of rats 
the bones of which were analysed tended to run 
high, the increase in this percentage of magnesium 
resulting from the increased ingestion of fluoride 
appears to be somewhat less marked than was the 
rule in the case of bones from comparable lots of 
rats used in the two previous experiments. 
There is no indication that the ingestion of ra-
tions containing the higher levels of fluoride in 
this experiment resulted in a decrease of the per-
centage of ash in the bones of the rats receiving 
No. 
oen.* 
F771 
F87, 
Fl8, 
Fl9, 
F80, 
F8lt 
F81A, 
F82, 
F82A, 
F83, 
F83A, 
F84, 
F84A, 
F77'-4 
F87' -4 
F78'-4 
F79'-4 
F802-3 
F8b 
TABLE 9. ESSENTIAL DATA ON RATS FED B RATION CONTAINING COD-LIVER OIL. BONE MEAL AND VARYING 
PERCENTAGES OF SODIUM FLUORIDE. 
Percent 
NaF 
fed 
No. 
rats 
used 
No. 
young 
born 
No. Per-cent 
young I young 
reared reared 
Aue at 1 Average birth days to 
first reach 
young 100 gms. 
Average 1 Averaoe days to weight 
reach at 100 
150 days gms. 
I 0.0 0.01 0.015 
0.025 
0.050 
I 0.100 
r 0.100 
0.150 
0.150 
0.200 
0.200 
0.250 
0.250 
I 
6 I 20 1
13 6 28 2 
6 27 12 
6 27 21 
6 34 8 
6 19 
6 6 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
I 0.0 I 44 I 10 250.015 32 
0.025 60 
74 
55 
86 
108 
47 
14 
61 
64 
I 0.050 I 21 0.100 5 32 14 o 0 
6711041 51 70 197 43 118 58 90 177 
44 93 52 72 191 
78 95 56 73 165 
24 112 55 73 193 
32 \ 124 \ 61 105 145 
83 127 61 107 141 
I I ~~ I I 1~~ 109 96 
No gain-closed after 68 days 
.--. I ------ I 110 I ------ I 81 
Lost wt.-elosed after 70 days 
641107 1 57 I 85 I 176 25 108 58 81 185 
71 102 62 87 179 
59 103 63 93 I 163 
44 I 127 I 67 I 98 I 151 
Died at 57 days. Av. wt. 57 gms. 
Average 
weight 
at 150 
days 
239 
213 
235 
209 
207 
174 
158 
97 
139 
At close of experiment 
Average I Average 1 Weight llncisor 
age weight ------age- effectt Appearance of rats 
Best I Total 
ratio average 
.. eight all wts. 
age all ages 
1
154 I 244 11.58 - I Good I 2.19 11.90  17 1.41:;:  1.75 1.63 
154 238 1.55 ± Good 2.12 1.84 
154 208 1.35 + Good 1.88 1.57 
154 210 1.36 + + Good 2.10 1.85 
I 151 I 175 \ 1.16 + + + I Fair I 1.74 I 1.41 I 154 162 1.05 + + + + Poor 1.66 1.34 
151 97 0.64 + + + + Poor I 1.37 I 0.98 
154 139 0.90 + + + + Poor 1.45 1.12 
156 136 0.87 + + + + Very poor 1.28 0.99 
68 54 0.79 ++++ Verypoor 
119 100 0.84 + + + + Poor 1.04 
70 55 ._____ + + + + Poor r 0-,--, r _____ _ 
1
121 I 202 11.67 / Good /1.86 /1.71 108 200 1.85.:... Good 2.10 1.83 
125 204 1.63 ± Good 1.85 1.67 
109 170 1.56 + Good 1.69 1.58 
I 115 I 162 . I 1.41 t t + I Fair I 1.61 I 1.44 
Ration = Yellow corn 76 parts. 60 percent digester tankage 10. linseed oilmeal 10. NaCl 5, steamed bone meal 1.0. cod-liver oil 1. 
F76, 
F762&4 
F90 
F90A 
F89 
F89A 
F88 
F88A 
0.0 
0.0 
0.100 
0.100 
0.150 
0.150 
0.250 
0.250 
6 
45 
6 
6 
6 
18 
52 
o 
o 
o 
o I 
17 
28 
o 
o 
o 
o 
94 
54 
112 
108 
o 
o 
o 
o 
o 
53 I 80 170 206 \ 168 \ 228 \ 1.36 
66 101 150 119 179 1.55 
Wt. at start 57 gros. After 78 days wt. 102 gros. 
Wt. at start 68 gms. After 42 days wt. 86 gros. 
Gain 18 gms. 
Wt. at start 59 gms. After 54 days wt. 76 gms. 
Gain 17 gros. 
Wt. at start 59 gms. After 42 days wt. 65 gros. 
Gain 6 gms. 
Wt. at start 66 gros. After 50 days wt. 59 gms. 
Loss 7 gms. 
Wt. at start 60 gms. After 33 days wt. 54 gms. 
Loss 6 gms. 
+++ 
+++ 
++++ 
++++ 
++++ 
++++ 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
1.94 
1.61 
Ration=Yellow corn 76 parts, 60 percent digester tankage 10, linseed oilmeal 10. NaCl 5. steamed bone meal 2.5, cod-liver oil 1. 
*Gen.=Generation. F772-4=F77 second, third and fourth generations. 
tIncisor effect-The gradual fading or loss of color of the incisors, followed by hypertrophy. 
1.61 
1.49 
.... 
(0 
00 
199 
TABLE 10. THE AVERAGED PERCENTAGE OF MINERAL CONSTITUENTS OF 
THE TIBIAE, FEMORA AND HUMERI OF RATS FED ON RATIONS •• 
CONTAINING SODIUM FLUORIDE AND COD-LIVER OIL. 
Ratio 
Percent 
No. Percent Percent Average Average Average Average Average Ca in Average 
and supplement NaF percent percent percent percent percent ash percent 
uen.* fed fed ash in T, Ca in T, Ca in Mg in T, Mg in Percent CO, in T, F & Ht F & Ht ash F & Ht ash Mg in F & Ht 
ash 
1:-
F77, .. 
o.L I 64.85 24.35 37.55 0.568 0.876 42.87 2.89 )·'77. 1% 62.45 23.37 37.42 0.539 0.863 43.36 . ..... F78,., bonerneal 64.27 24.32 37.84 0.588 0.915 41.36 ...... 
F79, and 0.025 64.87 24.54 37.83 0.635 0.979 38.64 ...... 
F80,., 1% 0.05 64.67 24.33 37.62 0.591 0.914 41.16 ...... 
F 8h cod-liver 0.10 64.7 3 24.95 38.54 0.678 1.047 36.81 2.56 
F8I, oil 0.10 63.88 24.19 37.87 0.671 1.050 36.07 2.40 
F82, 0.15 64.89 24.68 38.03 0.658 1.014 37.50 2.45 
F83, 0.20 66.21 24.65 37.23 0.693 1.047 35.56 2.55 
F84l!~::: 0.25 65.20 23.82 36.53 0.616 0.945 38.66 2.22 
F76,§ 2.5% 0 
I 
65.79 
I 
25.03 
I 
38.05 0.569 0.865 
I 
43.99 
I 
...... 
F76,§ bone meal 0 64.53 24.38 37.78 0.632 0.979 38.59 ...... 
F90t11 and 1% 0.10 61.76 23.29 37.71 0.674 1.091 34.56 2.28 
F89,l1 cod-liver 0.15 61.96 23.36 37.70 0.714 1.152 32.73 2,23 
F88,l1 oil 0.25 62.90 24.11 38.33 0.680 1.081 35.46 2.85 
•• Ration=YeJlow corn 76 parts, 60 percent digester tankage 10, linseed oilrneal 10, 
sodi urn chloride 5 . 
• Gen. F77,.., etc.=F77, second and third generation, etc. 
tT, F and H=Tibiae, femora and humeri. 
tF84F • Only a few femora from these rats available for analysis. 
§Mature rats. 
lIImmature rats, see table 9. 
them. On the contrary the highest percentages of ash were found 
in the tibiae, femora and humeri of those rats receiving in their 
rations the highest percentages of fluoride, The tibiae, femora and 
humeri of the rats in lots F88, F89 and F90 contained somewhat 
lower percentages of ash than did the bones of the other lots of 
rats in this experiment, but since these rats were immature this 
result was expected, 
It is somewhat difficult to evaluate these results, Certainly there 
is no evidence that the presence of cod-liver oil in the ration aided 
reproduction in any way; in fact all evidence, probably more ap-
parent than real, is to the contrary. It appears that the general 
condition and vitality of these rats were somewhat better than that 
of comparable lots of rats used in Experiments I and II, and suc-
cessive generations of these rats apparently made better growth 
records. It was also possible in this experiment to keep one lot of 
rats alive for 119 days even though sodium fluoride was fed at the 
high level of 0,25 percent of the ration, while another lot of rats 
receiving 0.20 percent of fluoride in the ration outlived the experi-
ment, weighing 136 grams at an age of 156 days. Also, the lot of 
rats receiving 0.05 percent of sodium fluoride in the ration was in 
better general condition and probably made a somewhat better 
growth record than those lots of rats used in previous experiments 
receiving the same level of fluoride. The percentages of magne-
sium in the ash of the bones and the percentages of carbon dioxide 
200 
III the bones of the rats used in this experiment, when compared 
with the figures obtained from the bones of rats fed comparable 
rations in Experiments I and II, further suggest that the presence 
of cod-liver oil in the ration fed to the rats used in this experiment 
might have exerted some favorable effect upon the rats and tended 
somewhat to ameliorate fluorine toxicity. Since these experiments 
were not conducted concurrently and since the results obtained in 
Experiments I and II do not differ radically from those obtained in 
this experiment where comparable rations were fed, we must con-
clude that these results suggest, but do not definitely show, that the 
feeding of cod-liver oil exerted an ameliorating effect upon fluorosis 
in this experiment. 
EXPERIMENT IV. THE EFFECTS OF SMALL PERCENTAGES 
OF SODIUM FLUORIDE FED TO RATS IN A 
SYNTHETIC RATION 
It was recognized that the natural "B" or "cornbelt" ration, which 
we have used in the majority of our experiments, was not an ideal 
ration for rats, and its shortcomings were manifested especially by 
the fact, commented upon previously, that successive generations of 
rats fed this ration tended to make less satisfactory growth records 
as the experiments proceeded. This ration had the virtues of being 
economical and requiring but little time for preparation; rats re-
ceiving it would grow and reproduce, though at a suboptimal rate, 
through several successive generations. 
However, it was felt that in studying the lower limits of toxicity 
of the fluorides it' would be well to ascertain whether the use of a 
better ration would in any way modify our views concerning this 
toxicity. A restricted experiment was therefore conducted, utilizing 
a synthetic ration (see table 11 ) which had proved very satisfactory 
in other experiments. Rats receiving this ration, to which sodium 
fluoride was added to the extent of from 0.0005 to 0.05 percent, 
were housed in screen bottom cages. 
Results in table 11 show that the first generation of rats receiving 
this ration made much more rapid growth than did the rats receiv-
ing the "B" ration in Experiments I, II and III, making in 100 days 
approximately the same weight reached in 150 days by the rats used 
in the three previously discussed experiments. Those rats of the 
second generation which were saved were making at least as satis-
factory growth as made by the first generation when the experiment 
was closed. Reproduction in this experiment, as in Experiment III, 
was very unsatisfactory in that cannibalism limited sharply the 
number of young rats reared. There is no evidence that the pres-
ence or absence of fluoride in the rations had any effect upon reo 
production, since the lot of rats receiving 0.05 percent of sodium 
fluoride in their ration gave birth to about as many young and 
reared as large a percentage of them as did some of the other lots 
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receiving smaller per-
centages 0 f fluoride. 
T his experiment fur-
nished no evidence that 
the presence of sodium 
fluoride III the ration 
at levels below 0.05 
percent checked the 
growth of these rats in 
any way. On the con-
trary the lot of rats re-
ceiving sodium fluoride 
at a level of 0.025 per-
cen t of their ration es-
tablished the best rec-
ord -of growth recorded 
in this experiment. The 
presence of 0.05 per-
cent of fluoride III the 
ration resulted III a 
s 0 mew hat slower 
growth of the rats re-
ceiving it, a condition 
that was common to 
but more pronounced 
III the three experi-
ments previously dis-
cussed.-"· Results of the 
chemical analyses of 
the tibiae, femora and 
humeri of those lots of 
rats the bones of which 
we r e analysed show 
that in this experiment 
the presence of 0.05 
percent of sodium fluo-
ride III the ration of 
the rats in lot Fl07 did 
not resul t in a lowered 
percentage of carbon 
dioxide in the bones of 
these rats, but the per-
::'Tho growth records of 
the individual rats. as well 
as the average g rowth rec .. 
ords of the lot. bear out this 
conclusion. 
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centage of magnesium in the ash of the bones was increased. The 
bones of the rats in lot F952 contained the lowest percentage of ash 
recorded in this experiment, but these rats were only 85 days old 
when the experiment was closed. It is difficult to evaluate the pos-
sible effect of the presence of 1 percent of cod-liver oil in the ration 
used in this experiment. The lot of rats F107 closed the experiment 
in the best condition ever observed at the close of an experiment 
with a lot of rats receiving this percentage of sodium fluoride in its 
ration, and the percentage of carbon dioxide in the bones of these 
rats was high. On the other hand, the experiment was closed while 
the rats were still comparatively young. 
EXPERIMENT V. FLUOROSIS IN THE ALBINO RAT AS PRO· 
DUCED BY THE FEEDING OF CALCIUM FLUORIDE 
When this expel'iment was started, it was generally considered 
that the fluorine present in earthy phosphates was probably present 
at least in part in the form of calcium fluoride. The calcium salt 
is the most insoluble of the fluorides and according to several in-
vestigators is the form in which fluorine is deposited in the teeth 
and bones when fluorine is ingested (21) (43). 
This study was undertaken to determine the toxicity of the calcium 
salt as compared to that of the sodium salt, the study of the latter 
being under way. 
In this study two types of ration were used: The "B" ration, in-
cluding 2.5 percent steamed bone meal, and a wheat ration in which 
was included 5 percent of filtered butterfat, 1 percent sodium chlo-
ride and 0.5, 1 or 2 percent of calcium carbonate respectively, thus 
varying the calcium/ phosphorus ratios of the rations from about 
0.5 to about 2. (See table 14). 
Some of the results obtained from this experiment were very 
briefly reported in 1926 (3) and 1927 (4) and somewhat more fully 
in 1928 (5) (73), but no chemical data were presented. 
In 1931 McClure and Mitchell (44) reported that while the in-
clusion of 0.0313 and 0.0623 percent of fluorine in the ration as 
calcium fluoride did not affect the food consumption of rats, these 
levels of this fluoride did inhibit growth and lowered the percentage 
of calcium which these rats would have retained had the fluoride 
been absent from their ration. They also stated that when calcium 
fluoride was fed at the higher level, there was a tendency for the 
percentage of ash in the bones of the rats to increase and for the 
percentage of calcium in the ash of the bones to decrease. Feeding 
calcium fluoride to pigs to the extent of 0.017 and 0.026 percent 
of fluorine in the ration, these authors (45) found that the evidence 
that the calcium metabolism was depressed was not conclusive. 
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Lamb, Phillips, Hart and Bohst~dt (40) found that calcium fluoride 
was about one-half as toxic as the sodium salt. Smith and Leverton 
(85), comparing the toxicities of various fluorides, found that fluo-
rides fed to the extent of 14, parts per million of fluorine in the 
ration of rats resulted in an incipient mottling of the incisor teeth 
of the rats, as viewed by trained observers regardless of the kind of 
fluoride fed. However, it required about 20 times as much calcium 
fluoride as sodium fluoride to produce the slight stunting in growth 
produced when sodium fluoride was fed at a level of 0.05 percent of 
the ration. The difference in relative toxicity was even greater when 
calculated to the amount of fluorine necessary to inhibit growth 
sever~ly. These authors also found that the ingestion of calcium 
fluoride did not inhibit food consumption until it was fed at a level 
of at least 0.2 percent of fluorine and did not prove definitely lethal 
until fed so as to furnish 3.6 percent of fluorine in the ration. Kick , 
Bethke, et al (37) found that calcium fluoride was less toxic than 
sodium fluoride for pigs, chicks and rats and also found that it 
required 0.05 percent of calcium fluoride in the ration to produce 
the same effects upon the teeth of rats produced by the presence of 
0.01 percent of sodium fluoride in the ration. Metabolism experi-
ments showed that while from 26 to 30 percent of the fluorine in-
gested in the forms of sodium fluoride, fluosilicate or rock phos-
phate was retained in the body of the rat, practically none of the 
calcium fluoride was absorbed or retained, most of it being directly 
excreted in the feces. 
FLUOROSIS AS PRODUCED BY THE PRESENCE OF CALCIUM 
FLUORIDE IN THE "B" RATION 
Examination of table 13 shows that all lots of the first generation 
of rats receiving this ration required about the same average number 
of days to reach weights of 100 and 150 grams, that the growth of 
the lots of rats receiving calcium fluoride at levels of 0.40 percent 
or more of their rations was retarded at the end of 100 days and 
that it required the presence in the ration of 0.75 percent of calcium 
fluoride to produce the type of stunting in growth ordinarily seen 
when 0_1 to 0.15 percent of sodium fluoride is fed. One of the rats 
in lot E40 did not grow and died after being on experiment 5 weeks, 
and all the rats in this lot lost weight after being on the experiment 
100 days. Therefore from the standpoint of growth, the sodium 
fluoride fed to the first generation of rats in Experiment I, table 1, 
was from 5 to 8 times as toxic on the basis of percentage fluorine 
fed, as was the calcium fluoride fed these rats. However, the lots 
of rats constituting the second and third generations in this group 
apparently were more susceptible to the toxicity of calcium fluoride 
than were the first generation, and here we find that a retardation of 
growth occurred in the lot of rats receiving calcium fluoride at-; 
level of 0.25 percent. This inhibition of growth was quite severe 
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TABLE 12. THE AVERAGED PERCENTAGE OF THE MINERAL CONSTITUENTS 
OF THE TIBIAE. FEMORA AND HUMERI OF RATS FED NaF in 
SYNTHETIC RATIONS. 
, 
No. Percent Averace Avera~e Average 
and NaF percent percent percent 
gen.* fed ash in T. Ca in T. Ca in F and H'i' F and H't' ash 
F95, 0 
I 
63.65 23.98 37.67 
F952 0 60.91 22.69 37.25 
FI05 .01 64.67 24.44 37.79 
FlOG .025 64 .89 24.17 37.25 
F 107 .050 I -- 62 .85 24.07 38.30 
F94§ I 63.25 23 62 37.34 
*Gen. = Generation. F951 = F95 first generation. 
tT. F and H=Tibiae. femora and humeri. 
Ratio 
Average Average average Average 
percent percent ~cen! ~ percent 
Mg in T. Mg in average CO, in T, 
F and H'i' ash percent Mg F and Ht 
1:-
0.497 0.781 48.23 2.71 
0.511 0.839 44.40 2.59 
0.567 0.877 43.09 
0.590 0.909 40.98 2.51 
0.644 1.025 37.37 2.84 
0.612 0.968 38.57 
Ration fed (except F94): Casein 18 parts, dextrin 63.3. wheat embryo 10. yeast. Har-
ris 3. salts 185t. 3.7; cod-liver oil 1; butterfat 5. 
F94- Casein 18 parts. dextrin 63.3. wheat embryo 10. yeast. Harris 3. salts 185t. 
3.7. cod-liver oil 2. 
tSalts 185 (McCollum) (46) = MgSO.,.7H20 0.545. NaCl 0.175. Na2HPO,.H20 0.347. 
I{,HPO, 0.954. ferric citrate 0.118. IU 0.002. calcium lactate 1.300. 
CaH,(PO')2.H20 0.540. 
§F94- Three rats in this cage contracted otitis media and made poor growth. Two 
died before the close of the experiment. 
in those lots of rats receiving this fluoride at levels of 0.40 and 0.50 
percent respectively of their rations. The presence of calcium fluo-
ride in the rations of these rats apparently did not affect reproduc-
tion in those lots of rats receiving less than 0.30 percent of the 
fluoride. Reproduction failed entirely in the first generation of 
the lot of rats receiving calcium fluoride at a level of 0.75 percent, 
and no young were reared in lots of rats of the second generation, 
which received respectively 0.40 and 0.50 percent of fluoride in 
their rations. Therefore growth and reproduction were affected by 
about the same levels of calcium fluoride in this ration. Mottling 
of the incisor teeth was noted in all lots of rats receiving calcium 
Auoride at the levels fed in this experiment. However, no definite 
hypertrophy of the incisors corresponding to that observed when 
sodium fluoride is fed at a level of 0.05 percent was observed in 
any lot of rats receiving less than 0.25 percent of this fluoride in 
their rations. In another experiment, not recorded in this manu-
script, first incipient mottling of the incisor teeth was noted macro· 
scopically when calcium fluoride was fed to the rats at a level of 
0.02 percent of the ration. (See fig. 1). 
Examination of table 16 containing the results obtained from the 
analyses of the bones of the rats shows that while the percentage 
of carbon dIoxide in the tibiae, femora and humeri of the second 
and third generations of these rats was reduced where the rats re-
ceived 0.15 percent of calcium Auoride in their rations, the carbon 
dioxide of the bones of the first generation of rats was probably 
not greatly affected where the rats received levels of calcium fluoride 
below 0.40 percent of the ration. The tibiae. femora and humeri 
of the rats receiving 0.40 percent or more of calcium fluoride in the 
TABLE 13. THE ESSENTIAL DATA ON RATS FED "B" RATION CONTAINING VARYING PERCENTAGES OF CALCIUM FLUORIDE. 
Age at Average. Average Average Average At close of experi.ment Best 
No. Percent Percent No. No. No. Percent 
gen.* CaF, F rats young young young fed used born reared reared 
Ell 0 0 6 
I 
24 24 100 
E12 .05 .024 6 19 19 100 
E13 .10 .049 6 19 19 100 
E14 .15 .073 6 18 17 94 
E15 .20 .097 6 29 23 79 
E30 .25 .122 6 I 24 21 88 E29 .30 .146 H 36 22 61 
------ -
E36t 
E37:j: 
E40t 
Ell, -, 
E12, _, 
E13, -. 
E14, _, 
E15,., 
E30, _, 
E29, -, 
E36, 
E37, 
E40, 
.40 .195 15 14 93 
.50 .244 7 6 86 
.75 .365 0 0 0 
I 0 I 0 I 22 48 42 88 .05 .024 31 46 41 89 .10 .049 40 35 35 100 
.15 .073 38 88 46 52 
.20 .097 37 41 38 93 
I .25 I .122 I 26 26 I 22 85 .30 .146 33 22 11 I 50 .40 .195 14 I 13 0 0 
.50 .244 6 0 0 0 
. 75 No s2Cond generation produced 
birth 
of first 
young 
95 
I 
109 
94 
101 
97 
I 98 106 
I 92 I ~~~ 
1
105 I 6
86 
96 
101 
110 
120 
109 
days to 
reach 
100 
gms. 
44 
42 
44 
46 
43 
43 
45 
43 
49 
52 
64 
64 
65 
79 
70 
72 
72 
85 
120 
days to 
reach 
150 
grns. 
66 
66 
66 
71 
75 
74 
65 
65 
70 
73 
95 
92 
100 
107 
115 
134 
112 
weight 
at 100 
days 
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185 
199 
180 
183 
192 
198 
173 
174 
170 
159 
164 
151 
152 
144 
122 
137 
107 
93 
I 
I 
weight 
at 150 
days 
220 
209 
222 
219 
200 
223 
211 
180 
184 
140 
._ .... 
1 "---' 1 
II :::::: I 
...... 
Average I Average I Weight I 
weight age age 
224 
210 
226 
221 
203 
233 
249 
180 
184 
140 
170 
176 
151 
156 
151 
121 
147 
111 
101 
152 
152 
152 
152 
152 
161 
161 
154 
152 
150 
115 
110 
101 
111 
111 
107 
109 
117 
121 
1.47 
1.38 
1.49 
1.45 
1.34 
1.45 
1.55 
1.17 
1.21 
0.93 
1.52 
1.60 
1.50 
1.41 
1.36 
1.13 
1.35 
0.95 
0.83 
B Ration=Yeliow corn 76 parts. 60 percent digester tankage 10, linseed oil meal 10, NaCI 5, steamed bone meal 2.5 
~'<Gen.=Generation. E132 -4=E13, second to fourth generation inclusive. 
tlncisor effect=The gradual fading or loss of color of the inci sors followed by hypertrophy. 
tStarted in March. 
ratio 
Incisor weight 
effectt ---
- I + 
+ 
I 
++ 
++ 
+++ 
+++ 
1++++1 ++++ ++++ 
1;-
It+ ++ 
1+++ I  
++++ 
1++++ 
1.71 % Ca 
1.030/.- P 
age 
2.33 
2.45 
2.35 
2.16 
2.35 
2.28 
2.35 
2.47 
2.31 
2.09 
1.65 
1.71 
1.69 
1.66 
1.55 
1.26 
1.51 
1.17 
1.00 
I 
Total 
average 
all wts. 
a lla:ges 
1.88 
1.78 
1.93 
1.77 
1.70 
1.78 
1.79 
1.61 
1.67 
1.53 
1.57 
1.60 
1.53 
1.49 
1.42 
1.18 
1.36 
1.05 
0.92 
t.:> 
o 
Ct 
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ration also contained decreased percentages of ash and increased 
percentages of magnesium in the ash, while the ratio of calcium in 
the ash/magnesium in the ash was consistently lower. 
Apparently the evidences presented by the figures on growth, reo 
production, bone analysis and incisor effect agree and supplement 
each other almost exactly, and all evidence indicates that in this 
ration calcium fluoride becomes truly toxic to the first generation 
of rats receiving it when included in this ration at a level of ap-
proximately 0.40 percent. Evidence obtained from the recc;ds of 
growth and reproduction and from the carbon dioxide content of 
the bones of the rats, also indicates that less vigorous successive 
generations of rats may on this ration find calcium fluoride toxic at 
levels of from 0.20 to 0.25 percent of the ration. 
FLUOROSIS AS PRODUCED BY THE PRESENCE OF CALCIUM 
FLUORIDE IN A WHEAT RATION 
Table 14 presents the records of growth and reproduction made 
by the lots constituting the first generation of rats receiving the 
wheat ration. This table shows that while there were no great 
differences between the growth records as established by the dif-
ferent lots of rats receiving the lower levels of calcium fluoride in 
their rations, the lots receiving 1 percent of calcium carbonate in 
their rations made the best general growth. Growth was inhibited 
in all lots of rats receiving calcium fluoride at levels of 0.25 or 
0.30 percent respectively of their rations, but the lots of rats re-
ceiving only 0.50 percent of calcium carbonate in their rations were 
most seriously affected. 
Reproduction did not appear to be seriously affected in these 
lots of rats receiving calcium fluoride at levels below 0.15 percent 
of the ration. All lots of rats receiving more than 0.15 percent 
of fluoride in their rations presented a reduction in the number of 
young born or in the percentage of young reared or both, but those 
lots of rats receiving 0.50 percent of calcium carbonate in the ra· 
tion made the poorest record in reproduction, as they did in growth. 
Lot E43 failed to reproduce. 
All lots of rats constituting the second or second and third gen· 
erations in this study, (table 15) made less satisfactory growth rec· 
ords than did the rats of the first generation. In the lots of rats 
receiving 1 percent of calcium carbonate in the ration growth was 
probably not retarded greatly, if at all, where levels of calcium 
fluoride less than 0.25 percent of the ration were fed. Growth was 
probably retarded in those lots of rats receiving 2 percent of cal-
cium carbonate in the ration where more than 0.15 percent of cal-
cium fluoride was fed and in the lots receiving 0.5 percent of cal-
cium carbonate when more than 0.05 percent of fluoride was fed. 
The records of reproduction were similar to and followed the 
growth records closely. No rats of the third generation were reared 
1 
1 
1 
1 
1 
l ] 
n 
I 
'I 
TABLE 14. ESSENTIAL DATA ON RATS FED A WHEAT. SALT. BUTTERFAT RATION CONTAINING VARYING PERCENTAGES OF 
CALCIUM CARBONATE AND CALCIUM FLUORIDE. FIRST GENERATION. 
Percent Percent Percent No. No. No. Age at 
Average Average Average Average At close of experiment Best Total Percent days to days to 
No. CaCO. CaF, F rat; young young young birth reach reach weight weight ratio average 
fed fed fed used born reared reared first 100 150 at 100 at 150 Av~rage I Average I Weight I Incisor weight all wts. young days days we ight age age effect* --- ali ages gms. ams. age 
I 
E20 2.0 a 0 6 2~ 17 85 109 77 121 127 177 179 151 1.19 
1= 
1.63 1.31 
E16 1.0 0 0 6 21 19 90 98 46 80 181 210 212 152 1.39 2.14 1.70 
E24 0.5 0 0 6 28 23 82 91 55 90 164 183 183 151 1.21 1.89 1.53 
E21 2.0 .05 .024 6 28 20 71 128 76 120 127 163 163 151 1.08 
It+ 
1.67 1.29 
E17 1.0 .05 .024 6 24 20 83 101 51 85 173 195 195 150 1.30 2.02 1.64 
E25 0.5 .05 .024 6 26 16 62 123 63 111 139 180 178 151 1.18 1.78 1.41 
E22 2.0 .10 .049 6 26 20 77 140 70 113 139 181 182 151 1.21 1+++ 1.67 1.36 E18 1.0 .10 .049 6 38 27 71 105 50 88 168 189 195 150 1.30 +++ 2.02 1.64 
E26 0.5 .10 .049 6 30 24 80 141 68 124 129 171 172 151 1.14 +++ 1.74 1.32 
E23 2.0 .15 .073 6 26 17 65 137 67 116 146 178 179 151 1.19 1+++ 1 1.72 1.38 E19 1.0 .15 .073 6 17 10 59 129 54 102 147 173 173 150 1.15 +  1.85 1.44 
E27A 0.5 .15 .073 6 12 4 33 111 65 104 149 171 172 153 1.12 ++++ 1.67 1.37 t>:l 0 
E44 2.0 .20 .097 6 23 1 4 101 61 127 138 145 145 155 0.94 1++++1 1.68 1.34 -..l E34 1.0 .20 .097 6 26 11 42 116 60 104 144 167 167 151 1.11 ++++ 1.83 1.44 
E39t41 0.5 .20 .097 12 31 11 31 103 61 102 148 178 176 156 1.13 ++++ 1.73 1.43 
E35 1.0 .25 .122 6 8 6 75 132 74 129 117 148 148 151 0.98 /++++/ 1.54 1.21 E42 0.5 .25 .122 6 4 4 100 92 73 115 120 118 155 0.76 ++++ 1.60 1.13 
E45 2.0 .30 .146 6 22 5 23 105 58 119 146 157 161 157 1.03 1+;1-++1 1.80 1.39 E38t 1.0 .30 .146 6 33 8 24 87 54 85 149 186 176 159 1.10 ++++ 1.91 1.49 
E43t 0.5 .30 .146 6 0 0 0 77 107 123 120 155 0.77 ++++ 1.62 1.12 
' Incisor effect==The gradual fading or loss of color of the incisors, followed by hypertrophy. 
tStarted in March. Ration + 2% CaCO.== 0.843% Ca 0.40% P 
Ration==Wheat 92-93.5, NaCI 1, butterfat 5 0.043% Ca Ration + 1% CaCO.== 0.443% Ca 0:40% p 0.40% P 
. _ 0.243% Ca 
Rabon + 0.5% CaCO.-. 0.40% P 
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in any lots of rats receiving calcium fluoride at levels greater than 
0.15 percent of the ration, but young were born to all lots of sec· 
ond generation rats receiving 1 percent of calcium carbonate in 
their rations. Reproduction was inhibited in all lots of rats re-
ceiving 0.15 percent of fluoride in the ration, and E27 A2 , receiving 
0.5 percent calcium carbonate, produced no third generation. 
The figures showing the analyses of the tibiae, femora and humeri 
of represen tative lots of rats receiving the wheat rations are pre-
sented in table 16. They show that the presence of calcium fluoride 
. in the ration had no apparent influence on the percentage of ash in 
the bones of those lots of rats receiving 2 percent of calcium car-
bonate in the ration. The percentage of ash in the bones of those 
lots of rats receiving respectively 1 percent and 0.50 percent of 
calcium carbonate and the higher levels of fluoride in their rations 
tended to decrease. The percentage of carbon dioxide present in 
the tibiae, femora and humeri of the lots of rats in this study was 
apparently affected but little by the variations in the percentage of 
calcium carbonate and the calcium/ phosphorus ratio in the rations. 
The bones of all lots of rats receiving 0.15 percent of calcium fluo-
ride or more appeared to contain somewhat reduced percentages 
of carbonates. This reduction of carbonates in the bones of the lots 
of rats of the first generation receiving the higher levels of calcium 
carbonate did not appear to be more severe in those lots of rats 
receiving the higher levels of fluoride. The tibiae, femora and 
humeri of the second and third generations of rats receiving these 
rations contained on an average smaller percentages of carbon 
dioxide than did the bones of the first generation of rats. 
There was a definite increase in the percentages of magnesium in 
the bones of alI lots of rats fed calcium fluoride at levels of 0.20 
percent or more of the ration. However, this measure of the toxi-
city of the fluorides appeared to be more severely manifested in the 
bones of those lots of rats. especially those of the second and third 
generations. which received only 0.50 percent of calcium carbonate 
in their rations. 
It therefore appears that calcium fluoride was truly toxic to the 
rats fed this wheat ration at levels of 0.15, 0.20, 0.25 or 0.30 per-
cent of the ration, dependent upon whether toxicity is measured by 
growth, reproduction or the percentage of constituents of the bones 
and also dependent upon the percentage of calcium or the calciumj 
phosphorus ratio of the ration or both; or possibly a differential 
solubility, absorption or storage of the fluoride exerted by different 
levels of the calcium carbonate in the ration. 
FLUOROSIS AS PRODUCED BY CALCIUM FLUORIDE IN A 
SYNTHETIC RATION 
The ration fed in this study contained the same ingredients fed 
to the rats used in Experiment IV, with the exception that in this 
TABLE 15. ESSENTIAL DATA ON RATS FED A WHEAT. SALT. BUTTER FAT RATION CONTAINING VARYING PERCENTAGES 
OF CALCIUM CARBONATE AND CALCIUM FLUORIDE. SECOND AND THIRD GENERATIONS. 
Average Average Average At close of experiment Best Total Age at Percent Percent No. No. No. Percent birth days to days to weight ratio average No. CaCO, CaF, rats young young young first reach reach at 100 Average I Average I Weight I Incisor weight all wts. gen.* fed fed used born reared reared 100 150 days weight age age effectt age all ages young gms. gms. 
E20'-3 2.0 0 31 36 
I 
32 89 133 98 105 133 125 1.06 
1= 
1.07 1.05 
E16' -3 1.0 0 29 38 27 71 104 76 128 132 106 1.24 1.34 1.16 
E242 -8 0.5 0 32 54 30 56 116 88 117 132 113 1.17 1.17 1.10 
E2b-3 2.0 .05 38 56 
I 
50 89 110 93 107 123 119 1.03 
It+ 
1.09 1.03 
E17'-3 1.0 .05 34 33 27 82 124 101 101 112 116 0.97 1.04 0.95 
E25' -3 0.5 .05 20 28 25 89 168 99 103 119 119 1.00 1.02 0.98 
E22, -3 2.0 .10 44 54 
I 
37 68 132 103 102 126 126 1.00 1++ 1.02 0.97 E18,-, 1.0 .10 43 39 32 82 120 97 107 128 121 1.06 ++ 1.08 1.02 
E26'-3 0.5 .10 29 33 31 94 116 117 92 104 121 0.86 +++ 1.00 0.92 
E23,-3 2.0 .15 25 23 
I 
8 35 139 104 98 115 126 0.91 1+++ 1.00 0.96 E19,-3 1.0 .15 17 21 14 67 127 98 110 123 119 1.03 +++ 1.18 1.07 E27A, 0.5 .15 4 4 4 100 170 170 53 65 118 0.5 5 +++ 0.60 0. 54 
E44, 2.0 .20 1 0 
I 
0 0 113 82 104 121 0.86 1+++ I 0.94 0.85 E34, 1.0 .20 11 21 0 0 152 100 100 116 115 1.01 + + 1.01 0.9 3 E39,&4b 0.5 .20 25 18 0 0 146 117 94 101 124 0.82 ++++ 0.96 0.89 
E35, 1.0 .25 6 I 0 0 142 128 74 93 118 0.79 1++++1 0.79 0.71 E42, 0.5 .25 4 0 0 49 65 125 0.52 ++++ 0.58 0.52 
E45, 2.0 .30 5 I 1 0 182 52 67 120 0.56 1++++1 0.57 0. 04 E38, 1.0 .30 8 14 0 127 108 95 107 117 0.91 ++ ++ 0.97 0.93 E43, 0.5 .30 None produced 
*Gen. == Generation. E202-3=E20-Second and third generations . 
tIncisor e£fect=;The gradual fading or loss of color of th.e incisors. followed by hypertrophy. 
Ration=Wheat 92-93.5. NaCI 1. butter fat 5 0.043% Ca Ration + 2% CaC03 = 0.843% Ca 0.40% P 0.40% P 
Ration + 1% CaCO,= 0.443% Ca 0.40% P 
Ration + 0.5 % CaC03= 0.243% Ca 0.40% P 
I';) 
0 
(0 
TABLE 16. THE AVERAGED PERCENTAGE OF THE MINERAL CONSTITUENTS OF THE TIBIAE, FEMORA AND HUMERI OF RATS 
FED RATIONS CONTAINING VARYING AMOUNTS OF CALCIUM FLUORIDE. 
Average Ratio Average Average Percent Average Average Average Average percent percent Rats Percent Percent percent percent percent percent percent Ca in ash C02 in T, C02 in T, and CaF. F ted added Ca ash in T, Ca in T, Ca in Mg in T, Mg in Mg iQ ash F and Ht F and Ht gen. ted as supplement F and Ht F and Ht ash F and Ht ash 1:- Gen. I Gen. 11·111 110. * CaF, 
E1h 0 1 2.5% bone meal 65.31 23.54 36.04 0.483 0.740 48.70 2.84 2.63 
E14, 0.15 1 0.0730 2.5 0/0 bone mea] 66.61 24.26 36.42 0.582 0.874 41.67 2.45 2.13 
E15, 0.20 1 0.0973 2.5 % bone meal 66.33 24.93 37.58 0.620 0.935 40.19 2.67 2.16 
E30, 0.25 I 0.1217 2.5% bone meal 65.68 24.89 37.90 0.594 0.904 41.92 2.64 II 1.92 III 1.88 
E29, 0.30 I 0.1460 2.5% bone meal 65.47 24.76 37.82 0.562 0.858 44.08 2.70 II 2.09 III 1.99 
E36, 0.40 1 0.1947 2.5% bone meal 60.15 23.46 39.00 0.705 1.172 33.28 2.20 2.06 
E36, •• 0.40 1 0.1947 2.5% bone meal 60.71 22.66 37.32 0.702 1.156 32.28 2.07 
E37, 0.50 ·1 0.2434 2.5% bone meal 59.24 22.28 37.61 0.655 1.106 34.01 2.18 
E37, 0.50 1 0.2434 2.5 % bone meal 61.07 22 .51 36.86 0.620 1.015 36.32 2.10 
E40, 0.75 1 0.3650 2.5 % bone meal 61.15 22.61 36.97 0.658 1.076 34.36 2.17 
E20, 0 1 0 2.0% CaCO. 64.27 23.94 37.25 0.534 0.831 44.83 2.83 II 2.53 
1 III 2.68 
E23, 0.15 I 0.0730 2.0% CaCO. 64.76 24.21 37.38 0.556 0.859 43.52 2.55 II 2.30 III 2.32 
E44, 0.20 1 0.0973 2.0% CaCO. 62.72 24.18 38.55 0.589 0.939 41.05 2.77 
E45, 0.30 1 0.1460 2.0% CaCO. 64.83 24.82 38.28 0.620 0.956 40.04 2.40 
'E45, 0.30 1 0.1460 2.0% CaCO. 64.45 24.76 38.42 0.763 1.184 32.45 2.44 
E16, 0 1 1.0% CaCO. 66.15 24.62 37.22 0.546 0.825 45.12 2.73 2.48 
E19", .. 0.15 1 0.0730 1.0% CaCO. 64.09 23.84 37.20 0.597 0.932 39.91 2.14 2.14 
E34 0.20 1 0.0973 1.0% CaCO. 63.73 23.94 37.56 0.591 0.927 40.52 2.46 2.41 
E35 0.25 1 0.1217 1.0% CaCO. 64.82 24.32 37.52 0.620 0.956 39.25 2.44 
E35. 0.25 1 0.1217 1.0% CaCO. 62.61 23.46 37.47 0.681 1.088 34.44 2.06 
E38, 0.30 1 0.1460 1.0% CaCO. 63.52 23.99 37.77 0.861 1.355 27.87 2.46 
E38s 0.30 1 0.1460 1.0% CaCO. 62.71 23.63 37.68 0.667 1.064 35.41 2.08 
l..:l 
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ration an increased percentage or yeast 
was the sole source of the vitamin B 
complex. 
The figures in table 17 show that 
none of the rats used in this study made 
quite as .satisfactory growth after reach-
ing a weight of 150 grams as did the 
rats used in Experiment IV. One lot of 
first generation rats receiving calcium 
fluoride at a level of 0.10 percent of the 
ration failed to make as good growth as 
did the other lot receiving calcium 
fluoride at this level, reproduced at a 
more advanced age, reared a smaller 
percentage of the young born (although 
giving birth to more young) and de-
veloped definitely elongated incisor 
teeth. It is therefore probable that 
when calcium fluoride was fed at a level 
of 0.10 percent of the ration there ap-
peared a borderline toxicity which be-
came a true toxicity when levels of cal-
cium fluoride of 0.15 percent or more of 
the ration were fed. The growth rec-
ords of the second and third generation 
of these rats bear out this opinion. 
Growth was seriously inhibited in the 
lot of rats constituting the first genera-
tion which received calcium fluoride at 
a level of 0.20 percent of the ration, 
and the lot receiving the fluoride at a 
level of 0.25 percent of the ration did 
not reproduce. Reproduction failed in 
the second generation of rats, in the lot 
receiving calcium fluoride at a level of 
0.20 percent of the ration and in one of 
the two lots of rats receiving only 0.10 
percent of fluoride in the ration. 
An examination of table 18 shows 
that the feeding of calcium fluoride in 
this ration did not result in any signifi-
cant differences in the percentages of 
ash present in the tibiae, femora and 
humeri of the rats. The depression of 
the percentages of carbon dioxide pres-
ent in the bones of the rats was possibly 
less severe than that which frequently 
TABLE 17. THE ESSENTIAL DATA ON RATS FED A SYNTHETIC RATION CONTAINING VARYING PERCENTAGES OF 
CALCIUM FLUORIDE. 
No. 
Gen.* 
F36 
F40 
F70 
F43 
F71 
F61 
F62 
F63 
[<,36, .• 
[<,40, .• 
F70, ., 
[<,43, 
F7h·8 [<'612., 
F62, 
F63, 
Percent I Percent 
CaF, F 
fed fed 
o 
.05 
.05 
.10 
.10 
.15 
.20 
.25 
.00 
.05 
.05 
.10 
.10 
.15 
,20 
.25 
o 
.024 
.024 
.049 
.049 
.073 
.097 
.122 
.00 
.024 
.024 
.049 
.049 
.073 
.097 
.122 
No. 
rats 
used 
No. 
young 
born 
No. Percent birth l
Aue at 
reared I reared young young young first 
6 
6 
6 
3 
6 
6 
6 
6 
37 
41 
30 
19 
33 
29 
6 
o 
34 
17 
20 
14 
16 
15 
6 
o 
60 82 70 
66 136 49 
38 38 18 
14 19 0 
33 30 17 
24 18 13 
600 
None 'producerl 
92 
41 
67 
74 
48 
52 
100 
o 
85 
36 
47 
o 
57 
72 
o 
91 
89 
93 
86 
105 
110 
110 
99 
92 
93 
94 
126 
98 
I At close of experiment Average I Average l Average l Average _--"':'---,. _ _ , __ ,_-:-__ days to days to weight weight I I' I Appear· reach reach at 100 at 150 Average Average Weight ance 
100 150 days days weight age age of rats oms. oms. 
50 
49 
53 
49 
57 
56 
69 
87 
43 
45 
49 
43 
49 
55 
73 
70 
70 
75 
67 
88 
96 
62 
63 
70 
61 
79 
96 
139 
197 
185 
173 
190 
168 
155 
100 
113 
213 
214 
210 
215 
184 
152 
117 
240 
219 
211 
222 
194 
179 
131 
134 
247 
218 
211 
223 
190 
179 
131 
134 
210 
217 
204 
208 
184 
175 
137 
154 
147 
~:} 
145 
150 
150 
150 
102 
100 
96 
113 
104 
113 
118 
1.60 
1.48 
1.46 
1.47 
1.31 
1.19 
0.87 
0.89 
2.06 
2.17 
2.13 
1.84 
1.77 
1.56 
1.16 
Good 
Good 
Good 
Good 
Fair-Good 
Fail' 
Fair-Pool' 
Fair-Poor 
Good 
Good 
Good 
Good 
Good 
Fair 
Fair 
Incisor 
effect'r 
+ 
+ 
++ 
+++ 
+++ 
++++ 
++++ 
+ 
++ 
++ 
+++ 
++++ 
++++ 
Best 
ratio 
weight 
age 
2.21 
2.14 
2.01 
2.26 
1.78 
1.71 
1.69 
1.44 
2.55 
2.50 
2.30 
2.48 
2.13 
1.87 
1.58 
Ration=Washed casein 18 parts, dextrinized starch 66.3, yeast Harris 7, butterfat 5, McCollum salts No. 185t 3.7. cod-liver oil 1. 
*Gen. = Generation. F362 -0= F36. generations two to six inclusive. 
tlncisor effect=The gradual fading or loss of color of the incisors. followed by hypertrophy. 
Total 
average 
all wts. 
all ages 
1.83 
1.81 
1.69 
1.82 
1.55 
1.47 
1.11 
1.09 
2.22 
2.28 
2.13 
2.18 
1.87 
1.62 
1.37 
:p1cCollum salts No. 185 (46) = MgSO •. 7H,O 0.545. NaCI 0.175. NaH,PO,H,O 0.347. K,HPO, 0.954. ferric citrate 0.118. KI 0.002 calcium lac-
tate 1.300. CaR. (PO,),.H,O 0.540. 
• 
t.o 
.... 
t.o 
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accompanies failure of growth and reproduction in rats when toxic 
levels of sodium fluoride are fed. The percentage of magnesium, 
present in the ash of the tibiae, femora and humeri appeared to be 
increased in the bones of three out of four of the lots of rats receiv-
ing calcium fluoride at a level of 0.10 of 1 percent of the ration and 
in the bones of lots of rats receiving the fluoride at higher levels. 
The presence of 1 percent of cod-liver oil in this ration appar-
ently had no favorable effect upon the amelioration of the toxicity 
of calcium fluoride. In fact, since' the calcium fluoride was appar-
ently somewhat more toxic in this ration (giving good evidences of 
toxicity at a level of 0.10 percent of the ration) than in any of the 
rations previously fed in this experiment, it appears that the pres-
ence of the cod-liver oil might have helped to make the fluorine in 
the fluoride more available to the rats and thus more toxic. 
It therefore appears that when dealing with the toxicity of calcium 
fluoride, because of the extreme insolubility and consequent non-
availability of this salt, one is dealing with a relative rather than 
a set value. Since the toxicity of this salt varied with the different 
rations in which it was included, it appears that some factor or fac-
tors tended to make this salt more available in some of these ra-
tions than in others. . 
No such extreme differences in the relative toxicities of sodium 
and calcium fluorides were found as are recorded by Smith and 
TABLE 18. THE AVERAGED PERCENTAGE OF THE MINERAL CONSTITUENTS 
OF THE TIBIAE. FEMORA AND HUMERI OF RATS FED CaF, 
No. 
and 
gen.* 
F36, 
F36, 
F36, 
FlO,&, 
F43, 
F43, 
FIll 
Flh 
F6ll 
F6I. 
F62, 
F62, 
F63, 
Percent 
CaF, 
fed 
o 
o 
o 
05 
.10 
.10 
.10 
.10 
.15 
.15 
.20 
.20 
.25 
IN SYNTHETIO RATIONS. 
Average 
percent 
ash in T, 
F and H1 
64.32 
62 .24 
62.35 
6540 
63.79 
65.64 
64.37 
63.84 
64.77 
65.08 
64.23 
64.78 
63.65 
Average 
percent 
Ca in T. 
F and Hi 
24.47 
23 .47 
24.10 
2457 
25.01 
24.05 
24.26 
23.85 
24.66 
24.62 
24.74 
24.63 
23.68 
Average 
percent 
Ca in 
ash 
38.04 
37.71 
38.65 
3757 
39.21 
36.64 
37.69 
37.36 
38.07 
37.83 
38.52 
38.02 
37.20 
I 
I 
Average 
percent 
Mg in T, 
F and H1 
0.527 
0.573 
0.487 
0583 
0.620 
0.579 
0.649 
0.609 
0.702 
0.619 
0.716 
0.646 
0.731 
Average 
percent 
Mg in 
ash 
0.819 
0.921 
0.781 
0891 
0.972 
0.882 
1.008 
0.954 
1.084 
0.951 
1.115 
0.997 
1.148 
*Gen.=Generation. FlO,.,=F70 second and third generation. 
tT. F and H=Tibiae. femora and humeri. 
Ra!io 
average 
percent C~ 
average 
percent Mg 
1:-
46.45 
40.94 
49.49 
4217 
40.34 
41.54 
37.39 
39.16 
35.12 
39.78 
34.55 
38.13 
32.40 
Average 
perc en! 
CO, in T, 
F and H1 
3.00 
2.59 
3.07 
...... 
.. .... 
...... 
...... 
...... 
2.42 
2.35 
2.35 
2.41 
2.32 
Ration fed-Casein 18 parts. dextrin 66.3. yeast Harris 7. salts 185:1: 3.7. -butterfat 5. 
cod-liver oil 1. 
:l:Salts 185 (McCollum) (46)=MgSO.7.H,O 0.545. NaCI 0.175. Na,HPO •. H,O 0.347, 
IUHPO. 0.954, ferric citrate 0.118. KI 0.002, calcium lactate 1.300. CaH. 
(PO.h.H20 0.540. 
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Leverton (85). This may be partly explained by the differences in 
the components of the rations used but is probably largely accounted 
for by the fact that in the Iowa State College experiment toxicities 
were measured by interference with growth or reproduction or by 
abnormalities in the percentages of the bone constituents, largely 
determined after the rats had been on experiment for 120 days or 
more. The rats used by Smith and Leverton were on experiment 
for 6 weeks, and those on nontoxic dosages of fluoride weighed from 
150 to 160 grams. It is seen (table 13) that when the "B" ration 
was fed to rats, the rats in these different lots all reached the aver· 
age weight of 150 grams in about 70 days and with no apparent 
signs of fluorosis other than "incisor effect" regardless of the per-
centage of fluoride (from 0.05 to 0.75 percent) in the ration. It 
was not until the rats. receiving 0.40 percent or more of calcium 
fluoride in their rations were about 100 days of age, 70+ days on 
experiment, that the toxicity of the fluoride was really manifest; 
after that time th·e growth of the rats was largely stationary or retro-
grade until the end of the experiment. Had these rats been dis-
patched at an age when they weighed 150 grams, no definite toxicity 
as measured by growth or reproduction could have been charged 
against the calcium fluoride at any of the levels at which it was fed. 
EXPERIMENT VI. FLUOROSIS IN THE ALBINO RAT AS PRO-
DUCED BY THE PRESENCE OF EARTHY 
PHOSPHATES IN THE RATION 
In 1909 (28), and again in 1914, Hart and associates (30) ob· 
tained favorable results by the feeding of rock phosphate and rock 
phosphate floats to pigs receiving low phosphorus rations for short 
periods of time. These investigators found that the presence of 
rock phosphate in the ration improved the efficiency of low phos-
phorus rations, increased the calcium and phosphorus balances and 
resulted in the production of heavier skeletons when fed to young 
pigs. Rock phosphate was apparently considered a comparatively 
safe source of calcium and phosphorus in the rations for pigs and 
other farm animals until Forbes and associates (23), in 1921, pub-
lished their results showing that the bones of pigs receiving rock 
phosphate in their ration were definitely abnormal in size, breaking 
strength and chemical constitution. Since then numerous investi-
gators have studied the effects of feeding this phosphate to various · 
farm animals. A few of these reported favorable results (7) (15), 
but the majority of the results reported were decidedly unfavor-
able (1). Reed and Huffman (68) (69) (70), Taylor (90) and 
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Huffman and Reed (35) found that the inclusion of rock phosphate 
in the ration of dairy cattle to the extent of 1.5 percent of the grain 
mixture of the ration over a period of from 3 to 5 years had a gen-
erally deleterious effect upon the health of the cows and upon their 
appetites. At the age of 2% years the teeth of the cows receiving 
the rock phosphate in the ration were so badly worn that it was 
necessary to warm their drinking water so that they might drink 
normally. Specifically harmful results were especially noted when 
immediately after first calving, the appetite of the heifers and con-
sequent ingestion of phosphate was increased. Lactation was de· 
creased as a result of this phosphate in the ration, and the mandi-
bles of the cows receiving it were exostosed and thicker than nor-
mal. These investigators also obtained similar results when a com-
mercial mineral mixture (35) (68), sodium fluoride (70) and so-
dium fluosilicate (90), were fed to dairy cattle. Phillips, Hart and 
Bohstedt (64) corroborate the findings of Taylor, Reed and Huff-
man as cited above. They found that cattle are especially sensitive 
to fluorine, as little as 3 mgs. of this element per kilo of body weight 
serving to retard growth and that raw rock phosphate was toxic at 
the lowest level fed, 0.625 percenL of the grain mixture of the 
ration. They agree with the Michigan investigators that the inclu-
sion of rock phosphate in the ration of dairy cows did not directly 
inhibit reproduction but found that oestrus was delayed and lacta-
tion decreased 20 to 50 percent when the phosphate was fed at 
levels of 1.25 and 2.5 percent of the ration respectively. Chang, 
Phillips and Hart (20) found that the fluorine content of all the 
tissues and organs of the cows which were studied contained in-
creased percentages of fluorine when rock phosphate was fed, the 
greatest increases being found in the teeth and bones. 
McClure and Mitchell (45) found that rock phosphate was more 
toxic to pigs than calcium fluoride when fed at the same levels of 
fluorine and that its presence in the ration to the extent of 0.026 
percent of fluorine served to depress food consumption and the 
growth of the pigs and probably depressed their calcium meta-
bolism. Kick, Bethke and associates (10, 11, 12, 37) found that 
the feeding of rock phosphate to pigs at levels of fluorine exceeding 
0.033 percent of the ration resulted in decreased feed consumption, 
decreased gains in weight, increased feed requirements per unit of 
gain, increased width of the dental arch and weakened, thickened, 
exostosed bones which contained normal percentages of ash, calcium 
and phosphorus but increased percentages of magnesium and fluo-
rine, decreased percentages of carbon dioxide and decreased per-
centages of ash per unit volume of bone, to which latter fact they 
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ascribe the greatly decreased breaking strength of the bones of the 
pigs fed the fluorides. They found that the teeth of pigs fed rock 
phosphate over long periods of time became soft and worn, so that 
in some cases the dental pulp was exposed; a hypoplasia of the 
enamel and dentine accompanied these abnormalities. Chemical 
analyses of the teeth showed that the percentages of ash, calcium, 
magnesium and carbon dioxide were not affected by the feeding of 
fluorides but that the percentage of fluorine in the teeth of pigs was 
increased in direct proportion to the amount of fluorine fed. These 
investigators also found that the feeding of rock phosphate and 
fluorides did not directly affect reproduction in pigs but decreased 
lactation by causing a decrease in feed consumption. The other 
fluorides fed caused no evident injuries to the livers, kidneys, thy-
roids, spleens or parathyroids of rats, nor to the livers or kidneys 
of pigs, but the addition of 1 percent or more of rock phosphate, 
while resulting in no injury to the kidneys of rats, did cause de-
generation of and injury to the kidney structures of pigs. 
Kick, Bethke, et al (37) (38) ·also found that the toxicity of rock 
phosphate was intermediate between that of sodium and calcium 
fluoride when fed at equal levels of fluorine. Since fluorine is less 
toxic to chicks (38) than to other animals studied, they recommend 
that rock phosphate may for practical purposes be fed to chicks at 
levels of 2 percent of the ration for short periods of time but that 
it should not be fed to pigs in greater concentrations than 0.5 per· 
cent of the ration. The ash content of the tibiae of chicks fed rock 
phosphate was not seriously altered. 
Halpin and Lamb (27) found that the presence of 1 percent of 
rock phosphate in the ration of growing chicks produced no harmful 
effects, that the presence of 2 percent resulted in some depression 
of growth and that 3 percent of the phosphate in the ration was 
seriously harmful and resulted in decreased egg production. There 
was no significant change in the percentage of the ash of the tibiae, 
but crooked breast bones were noted in some of the chicks, 17 to 
20 weeks of age, fed the higher levels of rock phosphate. Buckner, 
Martin and Peter (16, 17) found that while rock phosphate could 
be utilized by hens for bone growth, it was not efficiently utilized 
for the production of egg shell. In another experiment with grow-
ing chicks, Buckner, Martin and Insko (15) found that one pen of 
chicks receiving rock phosphate in their ration was beginning to 
fail after being on experiment for about 2 weeks. The rock phos-
phate was removed from the ration and replaced with bone meal 
for 4 weeks, after which time the rock phosphate was restored. No 
further trouble was experienced. 
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Lamb, Phillips, Hart and Bohstedt (40) found that 0.6 percent 
of rock phosphate in the ration of rats was a safe level as far as 
growth was concerned. At this level of phosphate in the ration 
they found that the growth of the young was not impaired but 
proceeded "somewhat more slowly" until average mature weights 
were attained. These authors found the toxicity of the fluorine in 
rock phosphate to be about one· half that of sodium fluoride. 
In 1925 a few rats were fed rock phosphate at Iowa State College 
in a preliminary experiment and established the fact that the nature 
of the toxicity produced when rock phosphate was fed to rats was 
the same as that produced when sodium fluoride was fed. This find· 
ing was protested by some who felt that other impurities present in 
the agricultural phosphate (intended for the soil) used by the 
Experiment Station, but washed out of phosphates intended for 
feeding purposes, might be in part responsible for the results ob-
tained. 
The following experiment, portions of which have been briefly 
reported (6), was therefore started in which albino rats were fed 
rock phosphates, acid (super) phosphate and a phosphatic limestone 
at levels of 1 and 2.5 percent respectively of the ration. Rock phos-
phate No.1 was a washed, finely ground phosphate intended especi-
ally for use in mineral mixtures. Rock phosphate No.2 was also a 
"mineral mixture" phosphate but obtained from another source. 
Rock phosphate No.3 was the same "agricultural phosphate" with 
which we had obtained our first unfavorable results with rats. The 
experiment was started with two samples of acid or super phosphate, 
but one, quite strongly acid in reaction and possibly contaminated 
in some way with impurities other than fluorides, proved to be so 
toxic at both levels fed that all the rats died within a few weeks 
after receiving this phosphate in their rations. Their records are 
not included in this experiment. The phosphatic limestone used in 
TABLE 19. CHEMICAL ANALYSES OF CARRIERS OF CALCIUM AND 
PHOSPHORUS. 
Percent Percent Percent Percent F in ration when 
Ca P F fed at level of 
1 percent 2.5 percent 
Rock phosphate No. 1 33.81 14.41 3.50 0.035 0.0888 
Rock phosphate No. 2 25.18 11.02 2.69 0.0269 0.0770 
Rock phosphate No. 3 28.91 12.75 2.55 0.0255 0.0638 
Acid phosphate 27.81 7.34 1.46 0.0146 0.0363 
Phosphatic limestone 35.52 3.95 0.88 0.0088 0.0220 
Steamed bone meal 33.10 14.01 0.15 0.0015 0.0038 
Salts No. 14 0.697 
"B" ration 1.71 1.03 
Corn 76 
Tankage 10 
Linseed oil meal 10 
Salt 5 
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this "experiment differed considerably in chemical composition from 
that of the other phosphates used, containing only 4 percent phos. 
phorus and 0.90 percent fluorine. The analyses of these phosphates 
are presented in table 19. Fluorine was first determined by one 
of the earlier methods, but the analyses were repeated later, using 
the method of Willard and Winter (97), after it was published. 
Unfortunately the sample of bone meal saved had in the meantime 
been discarded, so that it is thought that the percentage of fluorine 
in the bone meal here presented may be too high. 
Table 20 presents the figures showing the records of growth and 
reproduction made by the rats receiving these phosphates. An ex· 
amination of the figures showing the growth records made by the 
rats receiving the various phosphates at levels of 1 per~ent of their 
rations shows that in general depression in growth was roughly 
proportional to the percentage of fluorine in the ration. However, 
there are some apparent divergences from this rule. The rats reo 
ceiving rock phosphates Nos. 2 and 3 respectively at approximately 
the same level of fluC?rine In their ration grew at the same rate to a 
weight of ISO grams. At 100 and ISO days of age there was some 
variation in their weights, but at the close of the experiment their 
weights were much rilike, and they made the same "average daily 
gain" throughout the experiment. The lots of rats receiving 1 per· 
cent acid phosphate (O.01S percent fluorine) and 1 percent phos· 
phatic limestone (0.0088 percent fluorine) respectively in their ra· 
tions made approximately equal growth records, though differing in 
weight somewhat at different stages of the experiment. Lot F86 
receiving 1 percent each of bone meal, acid phosphate and cod· 
liver oil made approximately the same growth record as lot F73, 
receiving 1 percent of acid phosphate alone. But lot F8S, receiving 
1 percent each of rock phosphate No.3, bone meal and cod· liver oil, 
made a somewhat better growth record than did lot F91, receiving 
1 percent rock phosphate No.3 alone. Here again the presence of 
cod· liver oil in the ration may have exerted some effect. Lots FS2 
and FS2A, receiving 1 percent of rock phosphate No.1 (0.03S per· 
cent fluorine), made the poorest average growth record. 
Reproduction in the first generation of the lots of rats receiving 
1 percent of the various phosphates in their rations was influenced 
by other factors, some of which have been discussed in previous 
experiments. However, in this group and in the group of lots reo 
ceiving 2.S percent of phosphates in their ration reproduction and 
rearing of young was in general more satisfactory in those lots reo 
ceiving the lower percentages of fluorine in their rations. !n lots 
TABLE 20. THE ESSENTIAL DATA ON RATS COMPARING THE EFFECTS PRODUCED BY THE FEEDING OF VARIOUS CARRIERS 
OF CALCIUM AND PHOSPHORUS. CONTAINING FLUORINE AS AN IMPURITY. FIRST GENERATION. 
Average Average Average At close of exneriment Percent Age at Average 
Ca sup· Percent No. No. No. Percent birth days to days to weight weight I I I Appear. No. F rats young young young first reach reach at 100 at 150 Av~rage Average Av. wt. ance plement fed used born reared reared 100 150 fed young days days weight age avo age of rats 
F51AI 
F51 1.0 B.M.* 
F52Ai 1 R.P.1t 
F52 I 
F53Al1 R.P.2:j: 
F53 
F91 I 1 R.P.3t 
F92 I 1 A.P.§ 
F73 1 1 P.L.lI 
F85 1 1 B.M.*+ 
I 1 R.P.3+ 
F86 11 B.M."+ 
1 A.P.§ 
F46A\ 2.5 B.M.* 
F46 
F47AI 2.5 R.P.1:j: 
F47 I 
~!~A\ 2.5 R.P .2+ 
F49AI 2.5 R.P.3:j: 
F49 I 
F50A I 2.5 A.P.§ 
FfiO I 
F72 I 2.5 P.L.lI 
F50B I 1 B.M.* I 2.5 A.P.§ 
F 54A/ 1.25 B.M.* 
F54 1.25 CaCO, 
F55A I 1.25 CaCO, 
F55 I 1.25 R .P .1t 
F57 1 4 R.P.1+ . 
I .00151 12 
I .035 1 12 
\ .027 \ 12 
I .026 I 
1 .015 I 
1 .00881 
1 .028 I 
I .017 6 
\ .004 12 
I .089 12 
.066 I 12 
1 
.064 12 
.036 1 12 
1 
.022 I 
.038 1 
1 
.002 1 12 
I 
1 .044 1 12 
I I 
I .140 I 
65 44 
59 15 
48 25 
19 10 
36 11 
43 13 
36 
50 13 
60 23 
31 
23 10 
61 31 
48 16 
20 18 
80 30 
56 15 
gms. urns. 
68 94 50 83 169 219 253 
25 118 61 114 145 175 191 
52 102 59 101 161 190 202 
53 121 60 100 150 171 189 
33 109 50 74 178 211 220 
30 114 60 87 163 195 212 
25 117 58 84 165 192 204 
26 117 56 85 179 216 248 
38 97 52 94 162 200 217 
105 59 151 132 136 133 
43 120 57 I 103 149 171 166 
112 57 146 142 149 144 
51 106 52
1 
88 166 195 201 
33 121 59 I 93 160 204 206 
90 115 63 89 167 203 237 
38 111 60 I 83 172 211 218 
27 109 55 I 94 153 177 189 
o 91 49 I 72 145 140 140 
B ration fed=Yellow corn 76 parts, 60 percent digester tankage 10. linseed oil meal 10. NaCI 5. 
t Incisor effect=The gradual fading or loss of color of the incisors followed by hypertrophy. 
*B.M. =Steamed bone m eal. 
tR.P.=Rock phosphate Nos. 1. 2 and 3. 
§A.P.=Acid phosphate. 
1JP.L.=Phosphatic limestone. 
+1 percent cod-liver oil also included in this ration. 
193 1.32 
193 0.99 
196 1.04 
189 1.00 
184 1.20 
17!i 1.21 
187 1.09 
180 1.38 
200 1.09 
166 0.81 
192 0.87 
183 0.80 
182 1.12 
175 1.18 
182 1.30 
185 1.18 
181 1.04 
181 0.77 
Good 
Fair to 
Poor 
Fair 
Fair 
Good 
Good 
Fair 
Good 
Good 
Poor 
Poor 
Poor 
Fair 
Fair 
Fair 
Good 
Fair to 
Poor 
Poor 
I Incisor 
effectt 
1-
1+++ 
1+++ 
I 
1+++ 
1+ 
1+ 
\+++ 
1+ 
1-
1++++1 
1++++1 I I 
1++++1 
1+++ I 
1+++ I 
1+++ I 
I-
I 
1++++1 
1++++1 
Best Total 
ratio average 
weight all wts. 
---
age ali ages 
2.08 1.53 
1.67 1.25 
1.80 1.33 
1.80 1.32 
2.04 1.55 
1.71 1.46 
1.81 1.42 
1.90 1.54 
1.90 1.45 
1.74 1.17 
1.80 1.21 
1.83 1.17 
2.00 1.44 
1.70 1.48 
2.18 1.52 
1.94 1.51 
1.85 1.37 
2.10 1.26 
~ 
..... 
10 
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F47 and F47 A receiving 2.5 percent rock phosphate No.1, in lot 57 
receiving 4 percent of rock phosphate No.1 and in lots F49 and 
F49A receiving 2.5 percent rock phosphate No.3, reproduction 
failed entirely. 
Growth in the first generation of the lots of rats receiving 2.5 per· 
cent of the phosphates in their rations was inhibited most in the lots 
receiving rock phosphates Nos. 1, 2 and 3, although slightly better 
and with a better rearing of the young in the lot receiving phos-
phate No.2. Growth was best in this group in the lots receiving 
respectively 1.25 percent bone meal and 1.25 percent calcium car-
bonate, or 2.5 percent acid phosphate and 1 percent bone meal and 
also in the lots receiving 2.5 percent acid phosphate and 2.5 percent 
phosphatic limestone, or 2.5 percent of bone meal. Lots F55 and 
F55A receiving 1.25 percent rock phosphate No. 1 and 1.25 percent 
calcium carbonate, lot 50B receiving 2.5 percent acid phosphate and 
1 percent bone meal and lots 50 and 50A, receiving 2.5 percent acid 
phosphate, all received as much or somewhat more fluorine in their 
rations than did lots F52 and F52A, which received 1 percent of 
rock phosphate No.1 in their rations. However, the average growth 
record of the latter two lots of rats was inferior to the records es-
tablished by the other lots cited. The growth record of the rats in 
lot F57 is surprisingly good when the high percentage of fluorine in 
the ration is considered; however, this lot of rats did not demon-
strate any great degree of anorexia. 
Table 21 shows that the second and successive generation of rats 
receiving 1 percent of the various phosphates in their rations made 
as good growth as the first generation (comparing the weights at 
100 days to avoid retardation of growth with increasing age') of rats 
in those lots receiving respectively 1 percent bone meal, 1 percent 
acid phosphate and 1 percent each of bone meal, acid phosphate and 
cod-liver oil in their rations. The rats in lot F852 , receiving 1 per-
cent each of bone meal, rock phosphate No. 3 and cod-liver oil in 
their ration, in agreement with the growth records of the first gen-
eration made a somewhat better growth record than the rats in lot 
F912 receiving 1 percent of rock phosphate No.3 alone in the ration. 
Successive generations of the lots of rats receiving respectively 1 
percent of the three rock phosphates and also those lots receiving 1 
percent of phosphatic limestone in their rations in most instances 
made considerably less satisfactory growth. On the same basis, 
only the successive lots of rats, receiving respectively 2.5 percent 
acid phosphate, and 2.5 percent acid phosphate and 1 percent bone 
meal, made growth records approximating those made by the first 
generation of rats receiving the same phosphatic supplements. As 
in the first generation, lots F552 and F55A2 , receiving 1.25 percent 
of rock phosphate No.1 and 1.25 percent calcium carbonate (0.044 
percent fluorine) in their ration, made slightly better growth than 
did the successive generations of lots F52 and F52A receiving ] 
TABLE 21. THE ESSENTIAL DATA ON RATS COMPARING THE EFFECTS PRODUCED BY THE FEEDING OF VARIOUS . 
CARRIERS OF CALCIUM AND PHOSPHORUS CONTAINING FLUORINE AS AN IMPURITY. 
SECOND AND SUCCEEDING GENERATIONS. 
Average Average At close of experiment Best Total Age at Average No. Percent Percent No. No. No. Percent birth days to days to weight ratio average and Ca sup· F rats young young young first reach reach at 100 Aveyage I Average I Av. wt. 1 Incisor ~ all wts. gen.* plement fed used born reared reared 100 150 days we.ght age avo age effectt age all ages fed young gms. gms. 
F5h 1% B.M.£ 0.0016 68 86 75 87 103 61 90 170 194 117 1.66 
1 
1.77 1.66 
51A,., 
F52, 1% RP.1:j: 0.035 18 10 30 100 99 190 102 118 126 0.94 1+++ 1.09 1.00 52&. •• 
F53, 1% RP.2 0.027 46 57 22 39 146 90 106 124 142 127 1.12 1+ + + 1.36 1.21 53A,., 
F9h 1% RP.3 0026 16 17 15 88 139 65 1 107 145 166 125 1. 31 1++ + 1.59 1.41 
F92'&3 1% A.P.§ 0.015 25 31 27 87 97 53 1 77 181 192 121 1.59 1+ + 2.05 1.84 
F73,-< l%P.L·ll 0.0088 23 38 10 26 165 75 1 113 138 150 117 1.28 1+ 1.45 1.33 
F85, 1% B.M.+ 0.028 9 2 0 0 136 65 
1 
93 160 175 126 1.39 1+++ 1.63 1.49 1% RP.3 
F86. 1% B.M.+ 0.017 12 4 44 108 54 
1 
71 202 235 124 1.90 1++ 2.13 1.98 t.:I l%A.P. t.:I 
.... 
F46, 2.5% B.M. 0.0040 74 131 79 60 111 71 I 113 138 173 132 1.31 1- 1.43 1.34 46A, _< 
F47-47 A 2.5% RP.1 0.089 No second generations produced 1 1 1 
F48, 2.5% RP.2 0.066 10 1 0 1 0 1 0 1 . ..... 1 .. -- 70 81 171 0.47 1++++1 0.81 0.59 
F49·49A 2.5% RP.3 0.064 No second generations produced 1 1 1 
F50A,., 2.5% A.P. 0.036 43 I 66 1 50 1 76 1 97 68 1 97 155 165 110 1.50 1+++ 1 1.55 1.48 
F722.!S 2.5 % P.L. 0.022 19 1 11 1 10 1 91 1 lE9 84 1 159 116 138 137 1.01 1+++ 1 1.19 1.09 
F50B,., 1% B.M. 0.038 40 
1 
60 
1 
41 
1 
68 
1 
118 62 
1 
94 163 195 127 1.55 1+++ I 1.69 1.53 2.5% A.P. 
F54, and 1[1.25 % B.M. , 0.002 30 71 40 56 141 71 , 114 135 157 123 1.28 I- I 1.44 1.33 54A,., 11.25% CaCO, 
F55, and 1 [1.25% Caco" 0.044 14 17 196 92 , 147 114 121 123 0.98 1+ ++ I 1.26 1.10 F55A. 111.25% RP.1 
F57 1 4% RP.1 1 0.140 No second generations produced 1 1 1 
*Gen. = Generation. Gen. F73' ·4=F73. second. third and fourth generations. 
tIncisor effect=The gradual fading or loss of color of the incisors followed by hypertrophy. 
£B.M.=Steamed bone meal. 
tR.P.=Rock phosphates Nos. 1. 2 and 3. 
§A.P.=Acid or super phosphate. 
'liP. L.=Phosphatic limestone. 
+l percent cod-liver oil also included In this ration. 
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percent of rock phosphate No.1 (0.035 percent fluorine) in their 
rations. These figures, as in Experiment II, again raise the question 
of a possibility that the presence of calcium carbonate in a ration 
containing fluorides in soluble forms may have some favorable ef-
fect in ameliorating fluorine toxicoses. The phosphatic limestone 
fed contained a considerable percentage of its calcium in the form 
of calcium carbonate, and rats fed this phosphate appeared to grow 
somewhat better than other lots of rats receiving the same percent-
ages of fluorine in the form of rock phosphate. Tolle and Maynard 
(91) obtained poor growth, soft teeth .and other evidences of fluo-
rine toxicosis when they fed rock phosphate to the extent of 1.8 per-
cent of the ration to rats. Later (92), they fed both pigs and rats, 
including in the ration phosphatic limestone (70 percent calcium 
carbonate) at various levels. With pigs they found that no ill ef-
fects resulted when this phosphatic limestone was fed over a period 
of 4 months, supplying as much as 0.03 percent fluorine in the ra-
tion. They studied rats through five periods of mating, reproduc-
tion and lactation, obtaining no unfavorable results other than the 
elongation of the incisor teeth when phosphatic limestone was fed 
at a level of 3 percent of the ration. However, when sodium fluo-
ride was substituted to the extent of the same percentage of fluorine 
in the ration very unfavorable results were obtained. Kick, 
Bethke et al (37) in one experiment (p. 54-55) apparently ob-
tained as good growth in a lot of rats for 28-29 weeks when they 
fed 1.41 percent rock phosphate and 2.69 percent limestone in a 
ration, as they did in a control lot of rats receiving 1.78 percent 
steamed bone meal and 0.34 percent limestone. Another group of 
rats receiving 4 percent of phosphatic limestone made an equally 
satisfactory average final weight. 
Results obtained at Iowa State College show that the rats fed acid 
phosphate at levels of 1 and 2.5 percent respectively, although show-
ing the typical fluorine incisor teeth, usually made better average 
growth records than the lots receiving either rock phosphate or 
phosphatic limestone at the same level of fluorine and sometimes 
made as satisfactory growth records as the control lots receiving 
bone meal. This raises a question concerning the form or combina-
tion of the fluorine remaining in the acid phosphate after the parent 
rock phosphate has been treated with sulfuric acid. 
Taylor (90) suggested that the fluorine in rock phosphate might 
be largely present as calcium fluosilicate and found this salt of 
fluorine as toxic as the fluorine in rock phosphate. Smith and Lev-
erton (85) found that the fluorine in barium, potassium and sodium 
fluosilicates was as toxic as the fluorine in sodium, potassium or 
ammonium fluoride but that the toxicity of the fluorine in natural 
cryolite (sodium aluminum fluoride) was of an order intermediate 
between the toxicity of sodium fluoride and that of calcium fluoride. 
Kick and Bethke (37) concluded that the toxicity of the fluorine in 
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rock phosphate was intermediate between that of sodium and cal-
cium fluorides but in their metabolism experiments with rats found 
that rats retained about the same percentages of fluorine fed whether 
fed as rock phosphate, sodium fluoride or sodium fluosilicate and 
that furthermore the percentages of the i-ngested fluorine excreted in 
the urine and feces respectively were about the same when these 
fluorides were fed at the same levels. In table 38, page 60, (37) 
these authors get a much greater gain in weight with rats at the end 
of a lO-week period where rock phosphate was fed than where so-
dium fluoride was fed at an equal level of fluorine in the ration. 
However, the figures showing the average fluorine consumption 
show that the rats receiving the rock phosphate consumed twice as 
much fluorine as those receiving the sodium fluoride in their ration, 
indicating that the rats receiving the rock phosphate may have con-
sumed about twice as much food during the experiment as did the 
rats fed sodium fluoride. The rats used by these authors made much 
better growth records than the rats used in this experiment. They 
were fed, however, a better ration, which contained 2 percent of cod-
liver oil. The figures in table 20* when compared to those in table I, 
Experiment I, show that when rock phosphate was fed at a level of 
I percent of the ration (0.0256---0.035 percent fluorine) about the 
same depression in the growth of rats was obtained as when sodium 
fluoride was fed at a level of 0.05 percent of the ration (0.0226 
percent fluorine) in Experiment I and that when rock phosphates 
were fed at levels of 2.5 percent of the ration (0.064-0.089 percent 
fluorine) the type of depression of growth of the rats obtained 
llPproximated that obtained when rats were fed sodium fluoride at 
levels respectively of 0.1 and/ or 0.15 percent of the ration. Inter-
ference with reproduction at these more or less comparable levels of 
fluorine in the ration when rock phosphate and sodium fluoride were 
fed also indicates that the fluorine as present in rock phosphate, as 
judged by figures on growth and reproduction, is approximately but 
not quite as toxic to rats as the fluorine in sodium fluoride. Soli-
mann, Schettler and Wetzel (87) stated that the toxicity of fluorine 
as present in the phosphate rock used by them was of the order of 
"I part of sodium fluoride fluorine to 2 or 3 parts of rock phosphate 
fluorine," as judged by the check in the growth of rats fed the fluo-
rides over a period of 5 to 19 weeks. 
Table 22 presents the analyses made upon the bones of some of 
the rats used in this experiment. As has been the rule in the ma-
jority of these experiments, the figures expressing the percentages 
of ash in the hones and of calcium and phosphorus in the bone ash 
do not in general appear to differ materially from each other. How-
ever, the average percentages of the ash of the bones of the rats in 
lots F482 and F57, receiving respectively 0.077 and 0.144 percent 
fluorine in their rations in the form of 'rock phosphate, are definitely 
*It is of course understood that since these two experiments did not run entirely 
concurrently. factors other than the amounts of flouride fed may have influenced 
the results to some degree. 
TABLE 22. THE AVERAGED PERCENTAGE OF CONSTITUENTS OF THE TIBIAE. FEMORA AND HUMERI OF RATS FED VARYING 
PERCENTAGES OF FLUORINE AS PRESENT IN VARIOUS CARRIERS OF CALCIUM AND PHOSPHORUS. 
Ratio Ra!io 
No. Percent Percent Average Average Averag. Av.rag. Averag. Average Average average average 
and supple- F percent percent perc.n! perc.nt percent perc.nt percent perc.nt C~ perc~t C~ 
gen.' m.n! f.d ash in T. Ca in r. Ca in Mg in T. Mg in Pin T. P in average average fed F and Ht F and Ht ash F and Ht ash F and Ht ash perc.nt P perc.n! Mg 
in ash in ash 
F46, 2.5 B.M.£ 0.0038 66.08 24.35 36.85 0.570 0.863 12.13 18.36 2.01 42.70 
F46. 2.5 B.M. 0.0038 64.53 24.24 37.56 0.541 0.838 11.83 18.33 2.05 44.82 
F471 2.5 R.P.l:j: 0.0888 62.04 23.60 38.04 0.738 1.190 11.49 18.52 2.05 31.97 
F48, 2.5 R.P.2 0.0770 62.11 23.64 38.68 0.711 1.145 11.47 18.47 2.09 33.78 
F48. 2.5 R.P.2 0.0770 57.89 21.44 37.04 0.719 1.242 ........ . ....... .._--. 29.82 
F49, 2.5 R.P.3 0.0638 62.02 23.52 37.92 0.671 1.082 ........ . ....... . ..... 35.05 
F50, 2.5 A.P.§ 0.0363 62.33 23.84 38.25 0.593 0.951 ... _ ... . ....... . ..... 40.22 
F50. 2.5 A.P. 0.0363 61.85 23.11 37.36 0.643 1.040 ........ . .... -.. .._--- 35.92 
F50,B 2.5 A.P. 0.0378 65.91 24.91 37.79 0.597 0.906 41.71 
1.0 B.M. 
F50,B 2.5 A.P. 0.0378 64.57 23.93 37.06 0.635 0.983 37.70 
1.0 B.M. 
~ ~-
Average 
perc.nt 
CO, in T. 
F and Ht 
2.88 
2.88 
2.14 
2.36 
2.10 
2.63 
2.49 
...... 
F72,T&F 2.5 P.L.1J 0.0220 65.76 25.29 38.46 0.616 0.937 41.05 ~ 
F72,.. 2.5 P.L. 0.0220 65.09 24.38 37.46 0.673 1.034 36.23 ~ 
F57 4.0 R.P.1 0.1440 59.72 23.18 38.81 0.689 1.154 33.63 2.23 ~ 
F51 1.0 B.M. 0.0015 65.07 24.50 37.65 0.580 0.891 11.90 18.29 2.06 42.26 ' I 3.05 
F52 1.0 R.P.1 0.035 61.56 22.87 37.15 0.676 1.098-1 33.83 
31.67 
F53 1.0 R.P.2 0.0269 63.69 24.07 37.79 0.687 1.079 1-s5.ii2 
33.06 
F91 1.0 R.P .3 0.0255 64.09 24.01 37.46 0.725 1.131 I~ 
F92 1.0 A.P. 0.0146 64.37 24.30 37.75 0.688 1.069 35.31 
F73, 1.0 P.L. 0.0088 66.67 25.16 37.74 0.615 0.922 40.93 
F73,.. 1.0 P.L. 0.0088 64.66 24.59 38.03 0.607 0.939 40.50 
F85 1.0 C.L.O·II 0.0255 65.20 24.59 37.71 0.498 0.764 I 49.36 
1.0 R.P.3+ 
F86 1.0 C.L.O. 0.017 65.45 24.89 38.03 0.489 0.747 50.91 
1.0 A.P.+ 
*Gen. = Generation. F72,&.=F72 second and third generation. §A.P.=Acid or super phosphate. 
tT. F and H=Tibiae. femora and humeri. ~P.L.=Phosphatic limestone. 
£B.M.=Steamed bone meal. IIC. L.O.=Cod-liver oil. 
'II 2.78 
- III 2.61 
:j:R.P.=Rock phosphate No.1. No.2 or No.3. +1 percent steamed bone meal also included in this ration. 
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low. These lots made exceedingly poor growth records and did not 
reproduce, and the figures expressing the percentages of ash in their 
bones illustrate again that when the fluorine content of the ration 
inhibits growth sufficiently, calcification proceeds slowly and may 
not become normal. The figures expressing the average percentages 
of ash in the bones of certain other lots of rats were subnormal, 
but in some lots the percentage of bone ash did not apparently fol· 
low the fluorine content of the ration. The average percentage of 
carbon dioxide of the bones of the rats, where determined, decreased 
when the higher percentages of fluorine were present in the rations 
of the rats. The percentage of magnesium in the bone ash of the 
rats in this experiment also folIowed in general the rule established 
by the experiments previously discussed: The bones of those lots of 
rats receiving the higher percentages of fluorine in their rations con· 
tained the higher percentages of magnesium. However, the ash of 
the bones of the two lots of rats, F85 and F86, each receiving 1 per· 
cent of cod·liver oil in the ration, contained lower percentages of 
magnesium than the ash of the bones of any of the control lots, 
though these received only traces of fluorine in their rations. 
FLUOROSIS AS PRODUCED BY THE PRESENCE OF ROCK PHOSPHATE 
IN A SYNTHETIC RATION 
In this study four lots of rats and their descendants kept in screen 
bottom cages were fed a synthetic ration. Rock phosphate was in-
corporated into the rations of lots 58, 582 , 59 and 592 - 4 by substitut-
ing 74.8 parts of rock phosphate No.1 and 8.62 parts of phosphoric 
acid for the calcium lactate and the monocalcium phosphate in Mc-
ColIum's (46) salt mixture No. 185, fed to the other lots of rats 
used. The calcium and phosphorus content of the rations fed to all 
lots of rats was therefore approximately equal. The rats in lots 
F44 and F58 and their descendants were irradiated 10 minutes daily 
with a mercury arc lamp, while the rats in lots F59 and F60 and 
their descendants received 1 percent of cod-liver oil in their rations. 
Table 23 shows that the first generation of these rats made no 
better growth on this ration, as measured at an age of 100 or 150 
days, than those rats fed "B" ration in the previous study; better 
growth was made by the second, third and fourth generations. 
The rock phosphate as fed supplied fluorine at a level of 0.0258 
percent of the ration, approximately the same level of fluorine at-
tained when 1 percent of rock phosphate or 0.05 percent of sodium 
fluoride is fed, but the depression in growth of the first generation 
of both lots of rats receiving the rock phosphate was more severe 
than has been encountered in previous experiments when this level 
, of fluorine was fed. The rats in lot F58 did not reproduce, but the 
second, third and fourth generations of lot F59, receiving 1 percent 
cod-liver oil in their rations, apparently resisted the effects of the 
fluoride much more successfully than did the first generation, as far 
as growth was concerned. 
TABLE 23. THE ESSENTIAL DATA ON RATS FED SYNTHETIC RATIONS WITH AND WITHOUT FLUORINE AS PRESENT IN 
ROCK PHOSPHATE. 
Average Average Average Average At close of experiment Best Total Age at No. Supple. No. No. No. Percent birth days to days to weight weight 
Average I Average I Weight I A~~;:r I ratio average and ment rats young young young first reach reach at 100 at 150 Incisor all wts. all wts. gen.* 'used used born reared reared young 100 150 days days weight age age of rats effectt all ages all ages gms. gms. 
F44 /185+ 12 59 32 54 112 63 99 150 201 205 155 1.32 Good I- I 1.65 1.47 U .V.§ 
F58 I No. 14'1l 
I U.V.§ 
0 94 106 123 125 154 0.81 Poor /++++/ 1.46 1.03 
F44,.. 1185+ 52 106 30 28 86 52 71 208 198 95 2.09 Good I- I 2.20 1.99 U .V.§ 
F58, I No. 1411 I I U.V.§ None produced 
1 185+ 8 I I 20 100 103 54 85 170 210 212 151 1.40 Good / I 1.85 F60 20 1.60 C.L.O .II 
F59 I C.L.O. II I 18 I 6 33 142 84 115 139 138 153 0.90 Poor 1++++ 1 1.44 1.13 No. 1411 
F602-. 1 185+ 66 I 118 1 60 51 90 51 68 212 205 93 2.20 Good I I 2.28 2.09 . C.L.O. II 
F59,.. I C.L.O. II 25 I 160 I 19 12 105 62 90 162 161 98 1.61 Fair 1+ + + I 1.74 1.60 I N o. 1411 
Ration=Casein 18 parts, dextrinized starch 59. 3, wheat emibryo 14, salts 14 or McCollum No. 185 3.7, butterfa t 5, ultra violet irradiation or 
cod-liver oil 1. 
tIncisor effect = The g r a dual fading or loss of color of the incisors, followed by byper trophy. 
*Gen . = Generation. F44, . • = F44, second, third and fourth generations. . 
:j:185= McCollum's salts No. 185= NaCI 0.175, MgSO •. 7H,O 0.545, Na2HPO •. H20 0.347, K,HPO. 0.954, ferric citrate 0.118, KI 0.002, calcium 
lactate 1.300, CaH.(PO.),.H,O 0.540. 
§U.V.= Irr adiation for 10 minutes d a ily with m ercury arc lamp. 
lINo. 14 = Salts N o. 14=NaCI 17.3, Mg SO •. 7H,O 54.5, NaH,PO •. H20 .34, fuHPO. 95.4, ferric citrate 11.8, fuPO. 8.62, rock phosphate No. 1 
74.8. At a level of 3.7 p ercent added 0.0258 percent F to the ration. 
II C.L.O.= Cod-liver oil . 
~ 
~ 
Ol 
TABLE 24. THE AVERAGED PERCENTAGE OF MINERAL CONSTITUENTS OF THE TIBIAE. FEMORA AND HUMERI OF RATS. 
No. 
and 
gener· 
ation 
F60 
F60, 
F59, 
F59, 
F441 
F44, 
F58 
FED SYNTHETIC RATIONS WITH AND WITHOUT FLUORINE AS PRESENT IN ROCK PHOSPHATE. 
- -- -
Percent 
F fed 
Ration fed as rock phos· 
phate 
No. 1* 
Casein 18.0; dextrin 58.3; wheat embryo 14.0; butter I 0 
fat 5.0; cod-liver oil 1.0; salts 185. 3.7 0 
As above with salts 14t. 3.7 replacing 0.0258 
salts 185 0.0258 
Casein 18.0; dextrin 59.3; wheat embryo 14.0; butter I 0 
fat 5.0; salts 185. 3.7; ultra violet light 10 min. daily 0 
Salts 14t. 3.7. replacing salts 185 I 0.0258 
Average 
percent 
ash in T. 
F and H* 
63.85 
63.00 
62.68 
63.99 
64.35 
62.20 
63.15 
Average 
percent 
Ca in T. 
F and H* 
23.96 
23.11 
23.71 
23.75 
24.43 
23.13 
23.97 
-----
Average 
percent 
Ca in 
ash 
37.53 
36.68 
37.83 
37.12 
37.96 
37.19 
37.96 
Average 
percent 
Mg in T. 
F and H* 
0.516 
0.483 
0.715 
0.584 
0.527 
0.545 
0.547 
Average 
percent 
Mg in 
ash 
0.808 
0.767 
1.141 
0.913 
0.819 
0.876 
0.866 
Ratio 
average 
percent C~ 
average 
percent Mg 
in ash 
46.45 
47.82 
33.16 
40.66 
46.35 
42.45 
43.83 
Average 
percent 
CO, in T. 
F and H* 
2.83 
2.69 
2.51 
2.32 
2.59 
2.46 
*T, F and H=Tibiae, femora and humeri. 
tSalts 14== NaCI 17.3. MgSO •. 7fuO 54.5. NaH,PO,H,O 34.7. K.HPO. 95.4. ferric citrate 11.8. H,PO. 8.62. rock phosphate No.1 (%F==3.5) 
14.8==salts 185 (McCollum) with rock phosphate and phosphoric add replacing the calcium lactate and CaH.(pO.), of the McCollum 
salts. At a level of 3.7 percent added 0.0258 percent F to the ration, 
:::See table 19 for analysis of rock phosphate No. 1. 
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EXPERIMENT VII. FLUOROSIS AS PRODUCED BY SODIUM 
AND CALCIUM FLUORIDES ON A HIGH CALCIUM-
LOW PHOSPHORUS RATION 
The ration fed in this experiment was the Steenbock-Black (88) 
ration No. 2965. Fed this ration under suitable conditions rats 
growing slowly become rachitic in 20 to 30 days. Under the con-
ditions of this experiment, however, the rats received a minimum 
amount of vitamin D, and while on the verge of rickets throughout 
their growth period, few of them showed any signs of acute rickets 
during the progress of the experiment. Two lots of rats and their 
descendants were fed 2 percent of cod-liver oil in their ration, and 
three lots of rats and their descendants were irradiated for 10 min-
utes daily under a mercury vapor lamp, as is shown in table 25. 
Table 25 also presents the percentages of the fluorides fed in the 
rations and the records of growth and reproduction made by these 
rats. 
The figures presented show that the rats in lot R6 suffered no 
depression of growth when sodium fluoride was fed to the extent of 
0.05 percent of this ration. But the rats in lots R7 and R8, re-
ceiving respectively 0.10 and 0.15 percent of sodium fluoride in their 
rations, reached an average weight of 100 grams in about 80 days 
and then slowly lost weight. 
There was no depression of the growth of the rats in the lots re-
ceiving calcium fluoride at levels less than 0.20 percent of the ra-
tion, but the average growth of these lots of rats receiving this fluo-
ride in their rations, at levels from 0.20 and 0.25 percent respectively, 
was depressed to some degree. None of the young born in any of 
these lots were reared to maturity, although one litter of six young 
was weaned by a female receiving no added fluoride in the ration. 
Of the lots of rats receiving cod-liver oil those lots receiving calcium 
fluoride to the extent of 0.25 percent of their rations made as satis-
factory growth records as did the lots receiving no added fluorides. 
The second and third generations of these rats grew slowly, the 
third generation making an especially poor growth record, and their 
slow growth lowered the average growth record for both generations. 
Among the lots of rats being irradiated with ultra violet " light" 
those rats receiving calcium fluoride also made as satisfactory 
growth records as the control lots. Reproduction in the lots of rats 
being irradiated with ultra violet or receiving cod-liver oil in their 
rations was very uncertain and spasmodic. 
Examination of the figures in table 26, presenting the analyses of 
some of the bones of the rats used in this experiment, shows that 
in general the bones of the rats from lots which either received cod-
liver oil in their rations, or which were treated with ultra violet 
rays, contained the highest average percentage of carbon dioxide 
and the lowest average percentage of magnesium whether the rations 
contained calcium fluoride or not. The percentages of magnesium 
TABLE 25. THE ESSENTIAL DATA ON RATS FED A RACHITOGENIC RATION WITH OR WITHOUT SODIUM OR CALCIUM 
FLUORIDE AND WITH OR WITHOUT COD-LIVER OIL OR IRRADIATION WITH ULTRA VIOLET. 
No. and 
cen.* 
Percent 
supplement 
fed 
No' 1 No' 1 No'1 ~~~t~t rats youn] young first 
used born reare~ young I Average I Average I Average I Average I At close days to days to weight weight reach reach at 100 at 150 AVerage ' Average I 100 150 days days age weight gms. gms. 
R1 0 18 
I 
0 
I 
0 
I 
...... 
I 
72 
I 
. ..... 
R6 .05 NaF 6 0 0 ...... 65 . ..... 
R7 .10 NaF 6 0 0 ...... 77 . ..... 
R8 . 15 NaF 6 0 0 ...... 84 ...... 
R16 0 6 6 6 116 55 ...... 
R11 . 05 CaF. 6 15 0 98 62 ..... ~ 
R12 .10 CaF. 6 0 0 63 ...... 
R13 .15 CaF. 6 3 0 125 66 ...... 
R14&21 .20 CaF. 12 3 0 175 84 ...... 
R10&1 5&18 .25 CaF. 18 0 0 ...... 64 . ..... 
R4 2 C.L.O.~ 6 I 34 I 9 I 141 I 68 I 119 
R20 2 C.L.O. 6 I 31 I 20 I 127 I 62 I 94 .25 CaF. 
R42&3 Ditto R-4-- 21 I 42 I 12 I 187 I 119 I 180 R20,&3 Ditto R20 23 45 3 140 113 215 
R23 0 6 I 0 I 0 I I 72 I R5 U.V.§ 6 25 12 120 68 103 
R22 U.V. 6 I 20 I 9 I 114 I 67 I 114 .20 CaF. 
R19 U.V. 6 I 36 I 14 I 108 I 53 I 108 .25 CaF. 
R 5,&3 U.V. 8 I 16 I 5 I 141 I 112 I 174 
R22, U.V. 7 I 5 I 0 I 164 I 127 I ...... . 20 CaF. 
R19,&3 U.V. 14 I 32 I 6 I 146 I 87 I 134 .25 CaF. 
R24 0 6 
I 
.-. 
I 
. ... 
I 
. ..... 
I 
68 
I 
. ..... 
R25 .05 NaF 6 .... .... ._ ... 60 ...... 
R27 .10 NaF 6 .... . .... -_ ... 63 . ..... 
R29 .15 NaF 6 ... . ... ...... 63 . .. ... 
R26 . 05 CaF. 6 
I 
.... 
I 
. ... 
I 
. ....• I 55 I . ..... R28 . 10 CaF. 6 •• ow .... . ..... 55 ...... R30 .15 CaF. 6 .... . ... •.•• u 56 ...... 
Ration = Yellow corn 76 parts, wheat gluten 20, CaCO. 3, NaCi 1. 
~Gen.=Generation. R42&3=R4 Second and third generations. 
I 
112 
I 
130 
I 
149 
124 131 148 
98 . .. _ .. 134 
91 . ..... 134 
139 149 154 
141 159 174 
131 145 174 
133 145 175 
118 136 188 
121 135 168 
I 126 I 191 I 208 
I 159 I 172 I 217 
I 81 I 128 I 221 88 137 165 
I 116 I 114 I 168 145 197 208 
I 139 I 156 I 200 
I 146 I 165 I 208 
I 95 I 118 I 175 
I 67 I 123 I 197 I 
I 118 I 158 I 172 
I 
. ..... 
I 
. ..... 
I 
79 
.-.... . ..... 83 
._ ... . ..... 77 
. ..... . ..... 77 
I . ..... I . ..... \ 83 . ..... . ..... 77 . ..... . ..... 75 
tIncisor effect=The gradual fading or loss of color of the incisors followed by hypertrophy. 
~C.L.O.=Cod-liver oil. 
§U.V.=Irradiation for 10 minutes daily under a mercury vapor lamp. 
I 
130 
I 
131 
88 
79 
145 
157 
132 
116 
137 
122 
I 216 I 
I 226 I 
I 170 I 125 
I 100 I 221 
I 184 I I 
I 194 I 
I 138 I 
I 131 I I 
I 168 I 
I 
105 I 115 114 113 
I 123 \ 123 111 
of experiment 
Incisor 
effectf 
-
+++ 
++++ 
++++ 
-
± 
+ 
++ 
+++ 
+++ 
++ 
-
++ 
-
-
++ 
++ 
-
++ 
++ 
-
++ 
+++ 
++++ 
± 
± 
+ 
Appear· 
ance of 
rats 
\ 
Best I Total 
ratio average 
weight all wts. 
age all ages 
Poor 
I 
1.52 I 1.19 Poor 1.57 1.34 
Poor 1.46 I 1.08 Poor 1.45 1.02 
Poor 
I 
1.81 
I 
1.42 
Fair 1.75 1.47 
Fair 1.69 1.37 
Poor 1.70 1.37 
Poor I 1.67 I 1.21 Poor 1.78 I 1.27 
Good I 1.59 I 1.36 
Good I 1.94 I 1.56 
I I 
Good I 0.88 I 0.81 Good 0.92 0.88 
Poor I 1.68 I 1.19 Good 1.63 1.48 
Fair I 1.56 I 1.35 
Fair I 1.89 I 1.46 
Good I 1.11 I 0.97 
Fair I 0.83 I 0.71 
Fair I 1.21 I 1.11 
I I 
Rickets I 1.61 
I 
1.28 
Fair 1.77 1.52 
Fair 1.63 1.61 
Poor 1.59 I 1.59 
Fair I 1.83 I 1.69 Fair 1.88 1.73 
Fair I 1.88 I 1.70 
I>:> 
I>:> 
(0 
TABLE 26. THE AVERAGED PERCENTAGE OF MINERAL CONSTITUENTS OF THE TIBIAE, FEMORA AND HUMERI OF RATS 
FED A RACHITOGENIC RATION+ WITH OR WITHOUT NaF or CaF2 AND WITH OR WITHOUT COD-LIVER OIL OR 
IRRADIATION WITH ULTRA VIOLET. 
No. 
and 
oen.* 
R11 
R6, 
R7, 
R8, 
Rl7t:j: 
R16, 
R1b 
R12,§ 
R9, 
R13,§ 
R14,1I 
R211 
R10, 
R15, 
R4, 
R4, 
R4, 
R20, 
R20. 
R23:t: 
R5, 
R 22, 
R19, 
R19, 
- - -
R5, 
R18, 
R192+ 
R24] 
R25S 
R27S 
R29S 
R26/ 
R28/ 
R30/ 
\ 
I 
I 
Percent 
fluorides 
fed 
0 
0.05 NaF 
0.10 NaF 
0.15 NaF 
0 
0 
0.05 CaF2 
0.10 CaF2 
0.15 CaF2 
0.15 CaF2 
0.20 CaF2 
0.20 CaF2 
0.25 CaF2 
0.25 CaF2 
0 
0 
0 
0.25 CaF2 
0.25 CaF, 
0 
o 
0.20 CaF2 
0.25 CaF, 
0.25 CaF2 
0 
0.25 CaF2 
0.25 CaF2 
0 
0.05 NaF 
0.10 NaF 
0.15 NaF 
0.05 CaF2 
0.10 CaF2 
0.15 CaF2 
Supplement 
fed 
0 
0 
0 
0 
1.75% (NH,j, 
HPO. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2% C.L.O.II 
2% C.L.O. 
2% C.L.O. 
2% C.L.O. 
2% C.L.O. 
0 
~~ -- . U.V.'o 
U.V. 
U.V. 
U.V 
U.V.# 
U.V.# 
U.V.# 
0 
0 
0 
0 
o 
o 
o 
I 
Average 
percent 
ash in T, 
F and Ht 
53.18 
51.67 
53.71 
47.98 
56.82 
51.12 
55.87 
51.88 
52.09 
52.90 
53.68 
56.45 
50.25 
53.74 
60.25 
61.03 
62.39 
62.33 
62.54 
59.55 
-- .-61.08 
61.95 
63.13 
62.16 
55 .. 15 
54.78 
54.59 
51.31 
52.21 
51.55 
51.76 
47.89 
52.58 
49.94 
I 
I 
I 
Average 
percent 
Ca in T, 
F and Ht 
19.49 
19.31 
19.47 
17.27 
21.25 
18.41 
20.90 
19.30 
19.30 
20.08 
20.58 
21.66 
18.61 
20.16 
23.05 
23.29 
24.06 
24.24 
24.10 
23.11 
. -22.40 
23.62 
24.08 
23.54 
20.54 
21.04 
20.93 
19.40 
20.28 
20.01 
20.09 
I 
Average 
percent 
Ca in 
ash 
36.65 
37.37 
36.25 
35.99 
37.40 
36.01 
37.41 
37.20 
37.05 
37.96 
38.34 
38.37 
37.03 
37.51 
38.26 
38.16 
38.56 
38.89 
38.54 
38.81 
- -36.67 
38.13 
38.14 
37.87 
37.24 
38.41 
38.13 
37.81 
38.84 
38.82 
38.81 
18.52 38.69 
20.32 38.65 
19.18 38.41 
+Ration=Yellow corn 76 parts, wheat gluten 20. CaCO, 3, NaCI 1. 
*Gen. == Generation. 
tT. F and H=Tibiae, femora and humeri. 
rribiae only available for analysis. 
§Tibiae and femora only available for analyses. 
'IlTibiae a nd humeri only available for analyses . 
I 
Average 
percent 
MO in T. 
F and Ht 
(0.392) 
(0.439 ) 
0.440 
0.642 
0.646 
0.517 
0.410 
0.465 
0.550 
0.613 
0.530 
0.509 
0.475 
0.528 
0.530 
0.430 
0.357 
0.353 
0.468 
0.470 
0.444 
- - -0.517 
0.470 
0.483 
0.526 
0.408 
0.457 
0.453 
0.422 
0.442 
0.496 
0.457 
0.413 
0.431 
0.341 
I 
Average 
percent 
Mg in 
ash 
(0.737) 
(0.825) 
0.852 
1.195 
1.346 
0.910 
0.802 
0.832 
1.060 
1.177 
1.002 
0.948 
0.841 
1.051 
0.986 
0.714 
0.585 
0.566 
0.751 
0.752 
0.746 
. _ .. 
0.846 
0.759 
0.765 
0.846 
0.740 
0.834 
0.825 
0.822 
0.847 
0.962 
0.883 
0.862 
0.820 
0.683 
Average 
percent 
Pin T, 
F and Ht 
9.67 
8.96 
9.74 
8.06 
10.37 
9.39 
10.02 
9.60 
8.53 
9.59 
9.80 
10.10 
9.69 
9.56 
10.54 
.. ...... 
11.46 
11.41 
10.56 
--11.21 
10.20 
11.22 
10.40 
9.72 
9.23 
9.65 
9.21 
9.63 
8.86 
8.76 
8.97 
Average 
percent 
Pin 
ash 
18.18 
17.34 
18.13 
16.80 
18.25 
18.37 
17.93 
18.50 
16.38 
18.13 
18.26 
17.89 
19.28 
17.79 
17.49 
..... - .. 
18.39 
18.24 
17.73 
18.35 
16.46 
17.77 
18.86 
17.74 
16.82 
18.48 
17.87 
18.61 
18.50 
16.66 
17.96 
Ratio 
average 
percent C~ 
average 
percent P 
in ash 1:-
2.02 
2.16 
2.00 
2.14 
2.05 
1.96 
2.09 
2.01 
2.26 
2.09 
2.10 
2.14 
1.92 
2.11 
2.19 
. ..... 
2.11 
2.11 
2.19 
~ ~" 2.00 
2.32 
2.15 
1.97 
2.17 
2.27 
2.10 
2.17 
2.09 
2.09 
2.32 
2.14 
.£Oven temperature went up . Samples heated too hot before extraction of fats. Fats charred. C02 probably too high. 
IOn experiment only 6 weeks. Teeth of rats still normal in color and shape. 
SOn experiment only 6-7 weeks. Teeth of rats receiving NaF pale in color or white but not hypertrophied. 
HCad-liver oil. 
U.V.'o=Irradiation for 10 minutes daily under mercury arc lamp. 
#Irradiation discontinued when the rats were 70 days old. 
Ratio 
average 
percent Ca 
average 
percent Mg 
in ash 1:-
44.4 2 
43.86 
30.33 
26.74 
41.10 
44.90 
44.96 
35.09 
31.48 
37.88 
40.44 
45.62 
35.23 
38.04 
53.59 
65.2 3 
69.38 
51.78 
51.25 
52 .02 
......... 43.35 
50.24 
49.86 
44.76 
-- ..
50.32 
46.06 
46.22 
46.00 
45.86 
40.35 
43.95 
44.88 
47.13 
\ 
Average 
percent 
CO, in T, 
F and Ht 
2.49 
2.5 6.£ 
2.00 
1.84 
2.59 
2.48 
2.58£ 
2.22 
2.36 
2.20 
2.17 
2.23 
2.22 
3.36 
3.40 
3.70 
3.57 
3.36 
...... 
~ .. 2.51 
3.22 
3.50 
3.09 
2.88 
3.08§ 
3.09 
2.78 
2.74 
2.50 
2.63 
2.37 
2.89 
t-:l 
~ 
o 
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and carbon dioxide in the bones of the rats receiving supplementary 
vitamin D were apparently but little affected by the presence of 
calcium fluorides -at levels of 0.20 or 0.25 percent of the ration. In 
the other lots of rats, with the possible exception of lots R24 to R30, 
not receiving any supplementary vitamin D in the rations, the feed-
ing of fluorides resulted in the usual decrease of the percentage of 
the carbon dioxide of the bones and in the usual increase in the 
percentage of magnesium present in the ash of the bones of the rats 
receiving the fluorides. 
Therefore in this experiment cod-liver oil again, and in addition, 
vitamin D as elaborated by the ultra violet ray, appeared to exert 
some protective influence over or a favorable effect upon rats sub-
jected to the toxicity of fluorides. It is also possible that the pres-
ence of 3 percent of calcium carbonate in this ration may have ex-
erted a favorable effect upon those lots of rats receiving sodium 
fluoride at the level of 0.05 percent. This effect is indicated by the 
somewhat more favorable growth of the rats in those lots and also by 
the analysis of their bones. The rats used in lots R24 to R30 were 
on experiment only 6 to 7 weeks and were about 80 days old when 
the experiment was closed. The rats in lot R24, receiving no addi· 
tional fluoride in the ration, were quite rachitic at the close, but 
those in lots R25 to R30 were, as had been frequently true of other 
lots of rats used in this experiment and not receiving additional vita-
min D in their ration, apparently just on the verge of becoming 
rachitic. The rats in lot R24 also apparently made slightly poorer 
growth during these 7 weeks than did the rats in the lots receiving 
fluorides. The tibiae, femora and humeri of the rats receiving fluo-
rides in their ration in general presented slightly decreased per-
centages of carbon dioxide and slightly increased percentages of 
magnesium in the ash. Hauck, Steenbock and Parsons (34), in ex-
periments previously cited, fed the rachitogenic ration used in this 
experiment to rats with or without the addition of supplementary 
vitamin D and/or sodium fluoride at a level of 0.15 percent of the 
ration. At the end of 6 weeks they determined the percentage of 
the ash in the bones of the rats in the experiment and found that 
the percentage of ash was increased in the bones of all lots of rats 
receiving the fluoride in this ration regardless of whether vitamin 
D was fed or not. (See table 4.) The percentages of ash in the 
tibiae, femora and humeri of the rats in lots R24 to R30 inclusive, 
were considerably higher than the percentages published by these 
authors, and no regular or significant increase in the percentage of 
ash in the bones of those rats receiving the fluorides was detected. 
THE EFFECT OF FLUOROSIS UPON THE PERCENTAGE COMPOSITION 
OF THE INCISOR TEETH OF ALBINO RATS 
Hauck, Steenbock and Parsons (34) found that the feeding of 
sodium fluoride at a level of 0.15 percent of the ration resulted in 
TABLE 27. THE AVERAGED PERCENTAGES OF THE MINERAL CONSTITUENTS OF THE INCISORS OF RATS FED A RACHITO-
GENIC RATION WITH OR WITHOUT NaF or CaF2 AND WITH OR WITHOUT COD-LIVER OIL OR IRRADIATION 
R1 
R6 
R7 
R8 
R16 
Rll 
R12 
No. 
R9 & 13 
R14 
R21 
RIO 
R15 
R4 
R20 
R23 
R5 
R22 
R19 
R18 
R19, 
R5. 
R24 
R25 
R27 
R29 
R26 
R28 
R30 
I 
I 
I 
I 
Percent 
fluorides 
fed 
o 
0.05 NaF 
0.10 NaF 
0.15 NaF 
0 
0.05 CaF2 
0.10 CaF, 
0.15 CaF2 
0.20 CaF2 
0.20 Cal", 
0.25 CaF2 
0.25 CaF2 
o 
0.25 CaF2 
0 
0 
0.20 CaF. 
0.25 CaF, 
0.25 CaF, 
0.25 CaF. 
0 
0 
0.05 NaF 
0.10 NaF 
0.15 NaF 
0.05 CaF. 
0.10 CaF2 
0.15 CaF, 
*C.L.O. = Cod-liver oil. 
Supplement 
fed 
o 
o 
o 
o 
0 
0 
0 
0 
0 
0 
0 
0 
2 C.L.O.* 
2 C.L.O. 
0 
U.V.t 
U.V.t 
U.V.t 
No U.V. 
No U.V. 
No U.V. 
0 
0 
0 
0 
0 
0 
0 
Average 
percent 
ash in 
incisors 
70.95 
72.98 
71.44 
69.96 
71.34 
71.32 
71.72 
70.98 
71.52 
72.44 
70.08 
71.18 
73.24 
72.94 
71.18 
72.31 
73.80 
73.06 
72.40 
73.28 
71.88 
71.08 
71.82 
71.70 
70.80 
71.84 
72.58 
72.14 
WITH ULTRA VIOLET. 
Average 
percent 
Ca in 
incisors 
24.30 
25.35 
25.04 
24.81 
24.98 
25.03 
25.20 
25.12 
25.60 
25.61 
24.84 
25.59 
25.55 
26.03 
25.18 
25.37 
26.32 
25.80 
25.44 
26.48 
25.35 
25.39 
25.89 
25.45 
25.80 
25.82 
25.36 
25.59 
Average 
percent 
Ca in 
incisor 
ash 
34.25 
34.74 
35.05 
35.46 
35.02 
35.10 
35.14 
35.39 
35.79 
35.35 
35.45 
35.95 
34.89 
35.69 
35.38 
35.09 
35.66 
35.31 
35.14 
36.14 
35.27 
35.72 
36.05 
35.50 
36.44 
35.94 
34.94 
35.47 
--- -
Average 
percent 
Mg in 
incisors 
1.57 
1.57 
1.35 
1.43 
1.41 
1.75 
1.46 
1.53 
1.39 
1.48 
1.38 
1.25 
1.39 
1.41 
1.39 
1.40 
1.45 
1.41 
1.45 
1.47 
1.33 
1.44 
1.28 
1.31 
1.33 
1.31 
1.31 
1.28 
tU.V.=Irradiation for 10 minutes daily under a mercury arc lamp. 
Average 
percent 
Mg in 
incisor 
ash 
2.21 
2.15 
1.89 
2.04 
1.98 
2.45 
2.04 
2.16 
1.94 
2.04 
1.97 
1.76 
1.90 
1.93 
1.95 
1.94 
1.96 
1.93 
2.00 
2.01 
1.85 
2.03 
1.78 
1.83 
1.88 
1.82 
1.80 
1.77 
Average 
percent 
Pin 
incisors 
13.93 
14.08 
13.46 
12.71 
14.32 
13.71 
13.35 
13.38 
13.56 
13.66 
13.49 
13.57 
14.36 
14.15 
13.38 
14.30 
13.94 
13.82 
13.85 
13.44 
13.93 
14.04 
14.27 
13.74 
13.60 
13.85 
13.65 
13.96 
I 
I 
\ 
Average 
percent 
Pin 
incisor 
ash 
19.63 
19.21 
18.84 
18.17 
20.07 
19.22 
18.61 
18.85 
18.96 
18.86 
19.25 
19.06 
19.61 
19.40 
18.80 
19.78 
18.89 
18.92 
19.13 
18.34 
19.38 
19.75 
19.87 
19.16 
19.21 
19.28 
18.81 
19.35 
Ratio 
average 
percent Ca 
average 
percent Mg 
in ash 
15.50 
16.16 
18.54 
17.38 
17.69 
14.33 
17.23 
16.38 
18.45 
17.33 
17.99 
20.43 
18.36 
18.49 
18.14 
18.09 
18.19 
18.30 
17.57 
17.98 
19.06 
17.60 
20.25 
19.40 
19.38 
19.75 
19.41 
20.04 
I 
I 
I 
Ratio 
average 
percent ~ 
average 
percent P 
in ash 
1.74 
1.81 
1.86 
1.95 
1.74 
1.83 
1.89 
1.88 
1.89 
1.87 
1.84 
1.89 
1.78 
1.84 
1.88 
1.77 
1.89 
1.87 
1.84 
1.97 
1.82 
1.81 
1.81 
1.85 
1.90 
1.86 
1.86 
1.83 
l~ 
00 
I'.:> 
TABLE 28. THE AVERAGED PERCENTAGE OF THE MINERAL CONSTITUENTS OF THE INCISORS OF RATS 
FED SODIUM FLUORIDE. 
Average Percent Percent Percent percent No. NaF F supplement ash in fed fed incisors 
820-839 0 0 I 2.5 B.M.* 72.40 
B21 0.001 0.0005 
I 
2.5 B.M. 70.06 
B22 0.0025 0.0011 2.58.M. 70.62 
B23 0.005 0.0023 2.5 B.M. 69.20 
B24 0.010 0.0045 2.5 B.M. 70.13 
B25 0.025 0.0113 2.58.M. 70.70 
B10 
I 
0.05 
I 
0.0226 
I 
2.5 B.M. 72.47 
810, 0.05 0.0226 2.5 B.M. 71.56 
F1 0.05 0.0226 2.5 B.M. 71.97 
B11 I 0.10 I 0.0452 I 2.5 B.M. 69.78 
B17 
\ 
0.15 
\ 
0.0679 I 2.5 B.M. 68.08 B47 0.15 0.0679 2.5 B.M. 71.08 
F6A I 0 I 
0 I 0 70.26 
F9 0.05 0.0226 
I 
1 C.L.O.lI 72.04 
FlO I 0.10 0.0452 1 C.L.O. 71.72 F11 0 0 0.50 B.M. 70.82 
F16 I 0.05 I 0.0226 I 1 CaCO. 71.60 F17 0.10 0.0452 1 CaCO. 70.64 
F19 0.15 0.0679 0.50 CaCO. 71.21 
F20 0.15 0.0679 1 CaCO. 69.62 
Av. percent ash incisors, rats fed <.025% NaF 70.52 
Av. percent ash incisors, rats fed >.025% NaF 70.98 
Average Average 
percent percent 
Ca in Ca in 
incisors ash 
26.44 36.52 
25.52 36.43 
24.97 35.36 
24.28 35.09 
24.98 35.62 
25.88 36.61 
26.40 36.43 
26.75 37.38 
25 .39 35.28 
I 26.18 I 37.52 
I 24.88 I 36.55 26.75 37.63 
25.06 35.67 
25.41 35.27 
25.74 35.89 
24.84 35.07 
25 .24 35.25 
25.40 35.96 
25.18 35.36 
25.48 36.60 
Av. percent Ca in incisor aflh of rats fed <0.025% NaF.................. 35.80 
Av. percent Ca in incisor ash of rats fed >0.025% NaF.................. 36.26 
Average Average 
percent percent 
Mg in Mg in 
incisors ash 
1.72 2.38 
1.77 2.53 
1.68 2.38 
1.54 2.20 
1.82 2.57 
1.74 2.40 
1.49 2.08 
1.57 2.18 
I 1.42 I 2.03 
I 1.66 I 2.44 1.61 2.27 
1.73 2.46 
1.60 2.22 
1.45 2.02 
1.73 2.44 
1.66 2.32 
1.41 I 2.00 
1.58 2.22 
1.43 2.05 
AT. percent Mg in incisor ash of rats fed <0.025% N aF...................................................... 2.42 
Av. percent Mg in inci sor ash of rats fed >0.025% NaF ....................................................... 2.19 
Average Average 
percent percent 
Pin P in 
incisors ash 
14.55 20.10 
13.82 19.73 
13.94 19.74 
13.57 19.35 
14.13 19.99 
14.32 19.76 
13.92 19.45 
13.98 19.42 
I 13.29 I 19.05 
I 11.92 I 17.51 13.90 19.56 
14.01 19.94 
14.07 19.53 
13.88 19.35 
14.03 19.81 
13.79 19.26 
13.21 18.70 
12.79 17.96 
13.42 19.28 
Av. percent P in incisor ash of rats fed <0.025% NaF ............... _....................................................................... 19.81 
Av. percent P in incisor ash of rats fed > 0.025% NaF ... _.................................... ............................................... 19.07 
Ratio 
average 
percent Ca 
average 
percent Mg 
in ash 
1:-
15.34 
14.40 
14.86 
16.19 
14.25 
15.18 
17.97 
16.18 
I 18.48 
I 14.98 16.58 
14.50 
15.89 
17.77 
14.37 
15.19 
17.98 
15.93 
17.85 
Av. ratio Ca/Mg rats fed <0.025% NaF ............................................................... _......................................................................... 14.84 
Av. ratio Ca/Mg rats fed >0.025% NaF ........................... _ ........................................................................ _................................... 16.67 
Ratio 
average 
percent Ca 
average 
percent P 
in ash 
1:-
1.82 
1.85 
1.79 
1.84 
1.83 
1.84 
1.92 
1.82 
I 1.97 
I 2.09 1.92 
1.79 
1.81 
1.85 
1.77 
1.83 
1.92 
1.97 
1.90 
Av. ratio CalP rats fed <0.025% NaF.......................................................................................................................................... .................... 1.81 
Av. ratio CalP rats fed >0.025% NaF........... ..... .............................................................................................................................................. 1.90 
I 
I 
I 
I 
Average 
percent 
CO, in 
incisors 
1.61 
1.56 
1.57 
. -.... 
1.59 
1.60 
1.73 
1.58 
1.71 
1.71 
1.54 
1.45 
1.58 
1.58 
1.46 
1.54 
1.59 
1.57 
1.50 
Av. percent C02 in incisors of rats fed <0.025% NaF..... ................................................................................................................................................. 1.54 
Av. percent CO, in incisors of rats fed >0.025% NaF...................................................................................................................................................... 1.60 
B Ration = Yellow corn 76 parts, 60 percent digester tankage 10, linseed oHmeal 10, NaCl 5. 
*B.M.=Steamed bone meal. 
'iC.L.O.=Cod-liver oil. 
~ 
<:0 
<:0 
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an average decrease in the percentage of ash in the incisors of all 
rats fed. Smith and Lantz (79) found that the addition of sodium 
fluoride to the extent of 0.05 percent of the ration had no effect on 
the ash, calcium or phosphorus of the incisors of rats but that the 
addition of 0.10 percent of sodium fluoride to the ration of rats reo 
suIted in an increase in the calcium and a decrease of 0.5 percent in 
the phosphorus of the incisors, based on the dry weight of the teeth, 
and also resulted in 2 percent decrease in total ash content. Chaneles 
(18) found that the percentages of ash and magnesium in the in· 
cisors decreased slightly and that the percentage of calcium in· 
creased slightly when sodium fluoride was fed to rats (table 4). 
Munoz (51) found that teeth from fluoride·fed rats contained less 
mineral matter than the controls. Kick, Bethke and associates (37) 
found that while the teeth of pigs fed fluorides were badly worn 
the percentages of ash, calcium, magnesium, phosphorus and carbon 
dioxide in the teeth were unaffected. 
Our own analyses of the incisors of rats fed fluorides receiving 
the rachitogenic ration used in Experiment VII are presented in 
table 17, while table 18 presents the analyses of the incisors of some 
of the rats fed sodium fluoride in Experiments I and II. An exami· 
nation of these tables shows that the analyses present no outstanding 
nor regular differences in the composition of the incisors of any of 
these lots of rats. 
GENERAL DISCUSSION 
It appears that the toxicity of fluorine, as it is ordinarily en· 
countered, must be considered in at least two stages, incipient or 
potential toxicity and chronic or true toxicity. Smith and asso· 
ciates have shown that incipient or potential toxicity, as manifested 
in rats and growing children by a mottling of the teeth, may be pro-
duced by as little as 0.9 parts per million of fluorine in the drinking 
water of children or by as little as 8 to 14 parts per million of fluo-
rine in the ration of growing rats. The knowledge that such small 
amounts of fluorine in the diet may seriously affect the teeth of chil-
dren has naturally given rise to fears that the fluorine as present in 
baking powders, in natural food stuffs grown on soils heavily fertil-
ized with rock phosphate (20) or as present in milk from cows or 
women receiving fluorides in their diets may likewise give rise to 
mottled teeth in children. Sollman and associates (87) have consid-
ered the possibility of the toxicity of baking powder. Phillips and 
Hart (63) have concluded, after feeding rats with milk from cows re-
ceiving fluorides, that the fluorine fed to cows is not excreted in the 
milk of the cows to any appreciable extent. However, Murray (52) 
found that the teeth of young rats receiving milk from mothers fed 
flourides contained more fluorine than did the teeth of rats suckled 
by mothers not receiving fluorides in the diet and suggests that the 
temporary teeth of children might be affected by ingesting the milk 
235 
from mothers receIvmg flo urine in the diet or in drinking water. 
Smith and associates (82,85a) found numerous instances where the 
deciduous teeth of children living in districts where the fluorine con· 
tent of the water was high were badly mottled. In some cases these 
teeth were mottled after eruption but in others where the infants 
were still breast.fed, there was sufficient evidence to show that there 
must have been a transferrence of fluorine from the mother to the 
child either through the milk or through the maternal placenta. 
These authors also state that the potential danger of fluorides in the 
diet from other sources than drinking water is not entirely chimeri· 
cal. They point out that the ingestion of one large apple sprayed 
with a fluorine insecticide may supply as much fluorine as four 
glasses of water containing 1 part per million of fluorine. R. Reed 
Smith (86) lists 24 cases of mottled enamel occurring in children 
born and reared in a district where the water was free from fluo· 
rides, which evidence, he believes, shows that fluorosis as indicated 
by mottled teeth in children may result from fluorides in the diet 
rather than from the drinking water. Hart, Phillips and Bohstedt 
(29) found that plants grown on plots fertilized with fluorine·bear· 
ing phosphates did not contain fluorine in greatly increased quan· 
tities, but believe that under certain conditions drinking waters may 
become impregnated with fluorides as a result of heavy fertilization 
of the soil with phosphates high in fluorine content. Phillips, Hal-
pin and Hart (61) found that the eggs of chickens fed rock phos-
phate at levels of 1, 2 and 3 percent of the ration contained increas-
ingly large quantities of fluorine, present largely in the lipoids of 
the egg yolk. 
Typical . mottling of the teeth of rats and children is now regarded 
as practically sufficient evidence that fluorides are being ingested. 
PierIe (57) , in 1926, reported that he had produced mottling of the 
teeth of rats on low calcium diets which also produced decalcified 
jaw bones and skulls. However, he fed, as the source of calcium 
in his rations, low calcium bearing waters of various districts, and 
these waters may have contained enough fluorine to affect his re-
sults. McCrudden (49,50). White (96), Tovrud (93) and others 
have shown that the bones of animals fed on rations low in calcium 
may pTesent abnormalities of composition, low ash and calcium and 
high magnesium content, simulating in many respects the abnormali-
ties obtained when fluorides are fed. Hammett (25, 26), in 1922, 
reported dental defects in teeth of rats following parathyroidectomy, 
which almost exactly duplicate those resulting from fluorine toxi-
coses. However, when the thyroids were removed also, no such 
dental defects developed. Hauck, Steenbock. Jones and Halpin 
(32). Hauck, Steenbock and Parsons (33), Phillips and Lamb (65) 
and Sutro (89) have found that the changes in the bones of rats 
and chicks resulting from the ingestion of fluorides bear no appar-
ent relationship with, and are not accompanied by injuries to, or 
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changes in form of the parathyroid glands, although kidney and 
thyroid structures may be injured. Phillips, English and Hart (60) 
found that the toxicity of sodium fluoride to chicks, whether the 
fluoride was fed orally or injected intraperitoneally in a water solu-
tion, was much increased when dessicated thyroid was fed. Non-
toxic dosages of dessicated thyroid become toxic when sodium fluo-
ride was fed or injected, and nontoxic doses of fluoride became 
toxic when dessicated thyroid was fed. Chaneles (19) found that 
when iodides were fed in combination with sodium fluoride the re-
sultant fluorosis was much accentuated. These results indicate some 
relationship between fluorine and iodine or fluorine and thyroxin in 
the animal body. Goldemberg has for years been publishing his 
researches upon the relationships between the thyroid gland and 
fluorine toxicoses. His original papers have not been available, but 
the abstracts available (24) (43) show that he is treating hyper-
thyroidism and exopthalmous goitre by both the intravenous injec-
tion and oral administration of sodium fluoride with apparent suc-
cess. Some of his conclusions regarding the clotting of blood as 
affected by the feeding of fluorides and also the effect of fluorides 
upon the normal thyroid gland have been challenged by Tolle and 
Maynard (92), Kick, Bethke and associates (37) and others (43). 
Phillips and associates (57, 58, 67) conclude, after determining the 
vitamin C content of the suprarenal and anterior pituitary glands 
of cows, rats and guinea pigs suffering from fluorosis, that fluorosis 
and scurvy have many points in common. The work of Hauck (31) 
and Ohnell, Westin and Hjarre (54) apparently does not confirm all 
these findings. There have been from time to time suggestions from 
various sources that since varying amounts of fluorine are always 
found in the bones and teeth of animals, small amounts of fluo-
rides are necessary in the diet for optimal nutrition, even as small 
amounts of copper, manganese, zinc and other elements may be 
required. However, Sharpless and McCollum (76) found that rats 
apparently grow and reproduce normally when fed a diet that 
reduced the fluorine content of the bone to as low a figure as six 
parts per million and entirely eliminated fluorine from the teeth 
of the rats fed their diet, which was almost free of fluorine. These 
fluorine-free teeth were not abnormal in structure nor calcification. 
It is difficult to say definitely at what stage incipient fluorosis 
becomes truly toxic fluorosis. In the work at the Iowa Agricultural 
Experiment Station and in the experience of most others working in 
this field no toxic symptoms. other than the mottling of the incisors, 
developed in rats when sodium fluoride was fed at levels of less 
than 0.025 percent of the ration. This level of sodium fluoride was 
evidently on the borderline of true toxicity, since the incisors of 
rats fed this level of fluoride began to elongate. When sodium 
fluoride was fed at levels of 0.05 percent of the ration true toxicity 
was manifested in rats, and severe toxicity resulted when this fluo-
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ride was fed at levels of 0.10 percent or more of the ration. The 
. toxicity of the fluorine as present in rock phosphate was evidently 
of the same order as that of sodium fluoride or of but a slightly 
reduced value, while fluorine as present in acid phosphate and phos-
phatic limestone appeared to be somewhat less toxic than the fluo-
rine of rock phosphate. Here other components of the phosphates 
or the forms in which the fluoride is present in the phosphates ap-
parently served to make fluorine less available to the animal. The 
toxicity of fluorine as present in calcium fluoride was apparently 
dependent upon other components in the ration, which might tend 
to increase the solubility and thus the availability of the fluorine. 
The amount of vitamin D which the animals receive, the amount 
and type of calcium in the ration and the calcium/ phosphorus ratio 
of the ration were also at times apparent factors in influencing the 
toxicity of the fluorides. 
Under these circumstances, and especially since it is not possible 
at present to evaluate the importance of borderline toxicities to farm 
animals as merely evidenced by the mottling of incisor teeth in rats, 
it does not seem advisable to suggest any apparently safe levels at 
which any of the earthy phosphates might be fed. 
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